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THE  YEAR’S  EXPERIENCE  WITH  SUGAR-CANE  MOSAIC 
OR  YELLOW  STRIPE  DISEASE. 

By  F.  S.  Earle. 

In  the  JouRXAE  of  the  Department,  of  Agriculture  and  Labor 
for  July  1919  (not  published  till  January,  1920),  Mr.  J.  A.  Steven¬ 
son  has  given  a  summary  of  his  studies  on  this  disease,  (for  which 
he  has  proposed  the  name  ‘^Mottling”),  made  up  to  the  time  of  his 
departure  from  Porto  Rico  in  October,  1918.  Active  work  has  been 
in  progress  since  that  time  on  various  lines  connected  with  this  in¬ 
vestigation  and  it  seems  desirable  at  this  time  to  make  this  report 
of  further  progress. 

The  present  writer  came  to  Porto  Rico  in  August,  1918,  com¬ 
missioned  by  the  United  States  Department  of  Agriculture  to  inves¬ 
tigate  this  disease  and  with  instructions  to  cooperate  as  fully  as 
possible  with  both  the  Federal  and  Insular  Experiment  Stations  and 
any  other  agencies  or  individuals  engaged’  in  any  phase  of  its  study. 
After  a  preliminary  inspection  of  the  situation  it  seemed  best  to 
divide  the  problem  into  a  number  of  projects  in  which  the  different 
workers  could  interest  themselves,  thus  avoiding  duplication  of  effort 
and  also  centering  attention  at  first  on  those  phases  of  the  problem 
that  seemed  to  promise  the  most  immediate  practical  results.  The 
following  projects  or  divisions  of  the  general  problem  were  outlined 
and  the  effort  was  made  to  get  work  started  in  each  of  them :  1st.  A 
field  survey  to  determine  the  present  extension  of  the  disease.  2nd. 
Methods  of  eradication  adapted  to  recent  outbreaks  or  eases  of  partial 
infection.  3rd.  ^Methods  of  cultivation  best  adapted  to  badly  dis¬ 
eased  fields.  4th.  Statistics  of  sugar  production  as  affected  by  the 
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disease.  5tli.  Methods  of  natural  or  artificial  infection.  6th.  E,esist- 
ance  and  immnnity — variety  studies.  7th.  An  ecological  survey  of 
the  insect  inhabitants  of  the  cane  fields  with  special  search  for  pos¬ 
sible  carriers  of  the  disease.  8th.  Cage  experiments  with  insects  sus¬ 
pected  as  disease  carriers.  9th.  Morphological,  histological  and 
cytological  studies  of  diseased  cane.  10th.  Studies  on  the  nature 
of  the  disease  and  search  for  a  causal  organism.  11th.  Chemical 
studies  of  diseased  as  compared  with  healthy  cane.  12th.  Soil 
studies:  Etfeets  on  the  disease  of  different  soils,  soil  sterilization, 
special  fertilizers  or  other  topical  applications.  13th.  Relationship 
with  other  similar  diseases :  A  comparative  study  of  the  mosaic 
diseases. 

In  the  following  pages  these  topics  will  be  taken  up  in  order  and 
the  results  so  far  obtained  discussed. 

1st.  Field  Survey — Present  Distribution  of  the  Disease. 

The  disease  has  now  (November,  1919),  been  found  in  nearly 
all  parts  of  Porto  Rieo.^  The  Yabucoa  valley  is  the  only  well-marked 
region  of  the  Island  where  at  least  occasional  cases  have  not  been 
found.  This,  however,  does  not  necessarily  indicate  the  rapid  inva¬ 
sion  of  new  territory.  Several  of  the  recently  located  outbreaks  in 
eastern  Porto  Rico  give  clear  evidence  that  the  disease  had  been 
present  for  at  least  two  or  three  years.  The  rapid  spread  of  the  dis¬ 
ease  from  one  part  of  the  Island  to  another  that  is  indicated  by  the 
various  published  reports  concerning  it  will  have  to  be  accepted  with 
some  caution  for  it  is  evident  that  it  has  often  been  present  in  the 
fields  for  long  periods  without  attracting  attention.  On  the  other 
hand  certain  regions,  especially  along  the  south  coast,  which  were 
carefully  inspected  two  years  ago  and  found  free  from  it  are  now 
quite  heavily  infected.  For  some  unknown  reason  infection  seems 
to  have  been  much  more  active  on  the  south  west  than  on  the  north¬ 
east  part  of  the  Island. 

While  the  disease  thus  occurs  in  practically  all  parts  of  the  Island 
its  distribution  is  bj"  no  means  uniform.  Along  the  north  coast  from 
Bayamon  to  Barceloneta  it  occurs  on  every  plantation  and  practicall}" 
in  every  cane  field,  but  as  yet  infection  is  only  partial,  running  from 
1  or  2  per  cent  up  to  50  or  60  per  cent,  and  even  considerably  higher 
than  this  in  some  of  the  upland  fields  among  the  limestone  hills.  The 
fact  so  often  noted  by  Stevenson  still  holds  that  the  disease  is  much 


^  A  few  cases  have  also  been  found  in  the  Island  of  Vieques. 
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more  abundant  in  tlie^e  upland  valleys  than  in  the  level  lands  near 
the  sea.  AYhile  the  disease  is  now  a  commercial  factor  of  importance 
in  this  district  having  caused  very  considerable  losses  in  sugar  yields 
during  the  past  two  years,  there  is  still  an  abundance  of  healthy 
seed  cane  available,  and  as  shown  by  the  years  experience  at  Central 
Carmen  and  Plazuela  (see  Bulletin  22)  it  is  perfectly  possible  to 
control  it  at  reasonable  expense. 

Farther  west  from  Arecibo  to  Central  Coloso  below  Aguadilla 
conditions  are  more  serious.  As  shown  by  IMr.  Figueroa’s  article  on 
another  page  of  this  publication,  yields  of  sugar  have  fallen  off  about 
50  per  cent  in  this  district  during  the  past  three  years.  Even  here, 
however,  infection  is  not  complete.  With  care  good  seed  can  still  be 
selected  from  certain  fields,  and  as  shown  by  experience  at  Central 
Coloso  (see  Bull.  22)  the  disease  can  be  controlled  by  methods  of 
eradication  if  faithfully  carried  out.  Cane  planting  has,  however, 
been  abandoned  on  large  areas  in  this  district,  especially  among  the 
hills,  as  a  consec|uence  of  the  losses  caused  by  this  disease. 

From  Rincon  around  the  west  coast  to  San  German  infection 
is  almost  complete.  Many  fields  are  actually  100  per  cent  infected, 
the  great  majority  are  over  90  per  cent  diseased,  and  it  is  doubtful 
if  any  field  can  be  found  with  as  little  as  50  per  cent  of  sick  came. 
Much  of  the  cane  from  this  district  goes  to  the  big  central  at  Gua- 
nica  on  the  south  coast,  so  that  the  published  statistics  do  not  fully 
show,  the  facts  in  regard  to  sugar  losses,  but  there  can  be  no  cpiestion 
that  they  have  exceeded  an  average  of  50  per  cent.  Most  unfortu- 
nateA,  almost  no  healthy  seed  cane  is  available  in  this  district.  This 
will  cause  a  still  further  falling  off  in  the  near  future.  The  possi¬ 
bility  of  establishing  seedbeds  of  healthy  cane  in  this  district  has 
been  discussed  in  another  publication  (Bulletin  22,  pp.  15-16),  where 
the  opinion  was  expressed  that  though  difficult  this  was  not  impos¬ 
sible.  The  suggestion  was  also  made  that  for  this  district  the  plant¬ 
ing  of  the  resistant  kinds  discussed  in  Bulletin  19  might  prove  a 
more  practical  measure  than  attempts  at  eradication. 

From  San  German  eastward  to  Penuelas  the  disease  is  also  very 
prevalent.  It  has  been  spreading  more  rapidly  during  the  past  year 
in  this  district  than  in  any  other  part  of  the  Island,  but  there  are 
still  localities  that  have  largely  escaped  so  that  some  healthy  seed 
cane  is  still  available.  The  coast  district  near  Guayanilla  is  as  yet 
but  little  infected. 

North  of  Ponce  and  in  the  neighborhood  of  Juana  Diaz  some 
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fields  are  badly  diseased,  but  for  the  remainder  of  the  south  coast 
infection  is  still  local  and  scattering  and  the  disease  can  as  yet 
liardl}"  be  said  to  haye  had  any  commercial  effect. 

The  same  may  be  said  of  the  east  coast  and  of  the  north  coast 
east  of  Bayamon  though  severe  local  outbreaks  occur  at  Trujillo 
Alto  and  in  certain  fields  near  Carolina. 

Comparatively  little  cane  is  grown  in  the  interior  of  the  Island, 
but  what  there  is  is  heavily  infected  as  far  east  as  Cayey.  Outbreaks 
of  importance  also  occur  at  Caguas  and  Juncos. 

2nd.  ^Methods  of  Eradication. 

On  arriving  in  Porto  Rico  last  year  scattered  outbreaks  of  the 
disease  were  being  reported  in  the  eastern  part  of  the  Island  in  what 
was  supposed  to  be  clean  territory.  It  seems  obvious  that  such  dis¬ 
eased  plants  should  be  at  once  destroyed  to  prevent  further  con¬ 
tagion  without  waiting  for  a  more  detailed  study  of  the  disease,  and 
this  advice  was  always  given.  In  many  cases  it  proved  to  be  impos¬ 
sible  to  impress  owners  and  managers  with  the  gravity  of  the  situa¬ 
tion,  but  others  responded  immediately  and  did  most  effective  work 
in  cleaning  up  and  dominating  the  disease.  Secondary  infection, 
the  spread  of  the  disease  from  infected  to  healthy  plants,  was  often 
so  active  that  at  first  it  was  feared  that  this  method  would  not  be 
effective  in  regions  where  infection  Avas  at  all  general,  and  it  was 
only  advised  for  isolated  outbreaks.  This  method  of  controlling  the 
disease  Avas  first  suggested  in  print  by  SteAmnson  in  the  Spring  of 
1918  (Reausta  de  xVgrictjltura  1:23,  May,  1918).  It  had,  lioweAw, 
been  preA-iously  successfully  practiced  by  i\Ir.  Enrique  Landron,  a 
cane  grower  in  the  hills  back  of  Arecibo  in  a  district  Arhere  the  dis¬ 
ease  AA^as  A'Cry  actAe  and  destructiA^e.  It  Avas  also  being  followed 
with  good  results  by  Mr.  Jose  R.  Aponte  in  the  Ioav  lands  of  Arecibo 
near  the  Central  Cambalache.  Some  eradication  Avork  had  been 
done  on  the  grounds  of  the  Insular  Station  at  Rio  Piedras,  and  Cen¬ 
tral  Fajardo  aaus  carrying  out  a  comprehensive  eradication  cam¬ 
paign.  A  study  of  these  operations  and  continued  field  observations 
in  all  parts  of  tlie  Island  soon  caused  a  change  of  AueAV,  and  in 
NoA^ember,  1918,  Circular  No.  14  Avas  published  strenuously  adAm- 
cating  this  method  for  controlling  the  disease  in  all  parts  of  the 
Island,  or  at  least  in  any  region  Avhere  healthy  seed  cane  could  still 
be  secured.  An  actNe  propaganda  Avas  undertaken  among  the  cane 
planters  in  favor  of  this  method  and  a  considerable  number  of  them 
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were  induced  to  give  it  a  trial  on  a  large  scale.  The  results  obtained 
from  this  v  ork  during  the  first  season  have  recently  been  gathered 
together  and  published  as  Bulletin  Xo.  22  of  the  Insular  Experi¬ 
ment  Station,  to  which  the  reader  is  referred  for  fuller  details.  Only 
the  summary  need  be  cpioted  here  which  states;  ‘^Ist.  it  is  considered 
proven  that  the  cane  mosaic  or  yellow  stripe  disease  can  be  controlled 
by  the  method  of  eradication  discussed  in  Circular  Xo.  IT.  in  all 
regions  where  a  supply  of  healthy  seed  can  still  be  obtained ;  2nd. 
in  regions  of  complete  infection  the  establishment  of  healthy  seed 
fields  is  necessary  before  a  campaign  of  eradication  can  be  under¬ 
taken.  This  is  difficult  but  not  impossible.  Failure  at  one  time  may 
be  followed  bj^  success  at  another  under  apparently  identical  con¬ 
ditions.”  The  method  of  eradication  referred  to  in  the  above  pub¬ 
lications  consists  in,  1st,  planting  healthy  seed  that  has  been  carefully 
selected  while  the  leaves  are  still  attached.  Attempts  at  selection 
after  the  leaves  are  cut  are  useless.  2nd,  in  the  frecpient  inspection 
of  the  fields  while  the  cane  is  young  to  pull  out  such  cases  of  disease 
as  may  occur  either  from  overlooked  diseased  seed  pieces  or  from 
secondary  infection.  Of  the  turn  operations  the  second  is  really  the 
more  important,  for  if  some  bad  seed  is  planted  it  is  ciuickly  detected 
and  removed  by  these  inspections,  but  the  best  of  seed  planted  in 
an  infected  district  and  not  carefully  inspected  and  “rogued”  wifi 
inevitably  become  contaminated  through  secondary  infection.  In¬ 
spection  should  begin  when  the  young  cane  has  made  its  third  leaf 
and  should  be  repeated  two  or  three  times  a  month  until  the  cane 
closes.  It  is  useless  to  attempt  eradication  in  large  cane  except  in  the 
case  of  fields  which  are  to  be  cut  for  seed.  If  large  cane  becomes 
infected  it  is  usualh"  best  to  wait  imtil  after  it  is  cut  and  then  clean 
up  the  young  ratoons  which  should  be  treated  exactly  like  plant 
cane.  It  is  necessary  to  dig  out  and  replant  the  whole  stool  if  any 
of  the  stalks  show  the  disease. 

'While  it  is  comparatively  easy  and  inexpensive  to  reduce  the 
percentage  of  disease  by  this  method  to  a  point  where  it  ceases  tc 
be  a  commercial  factor,  it  must  be  admitted  that  complete  eradication 
is  very  difficult.  It  is  altogether  probable  that  seed  selection  and 
the  inspection  of  young  fields  will  have  to  be  continued  as  part  of 
the  accepted  routine  of  cane  growing.  Fields  will  have  to  be  pro¬ 
tected  from  this  disease  just  as  they  are.  now  protected  from  weeds 
and  grasses.  It  is  not  to  be  expected  that  this  disease  will  ever  be 
banished  from  Puerto  Rico. 
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3rd.  ^Methods  of  Culture  Best  Adapted  to  Badly  Diseased 

Fields. 

The  unexpectedly  favorable  results  from  eradication,  and  the 
finding  of  immune  and  resistant  kinds  (see  Bulletin  19)  have  greatly 
reduced  the  supposed  importance  of  this  topic.  It  is  obviously  un¬ 
wise  to  continue  cultivating  diseased  fields  of  the  ordinary  varieties 
with  certain  loss  of  from  20  to  50  per  cent  of  yield  when  such  loss 
can  be  cheaply  avoided  by  the  methods  of  eradication  or  by  the  sub¬ 
stitution  of  immune  or  resistant  kinds.  The  fact  remains,  however, 
that  in  many  districts  the  fields  are  now  heavily  diseased,  and  even 
if  the  above  facts  were  universally  accepted  and  acted  upon,  which, 
unfortunately  is  far  from  being  the  case,  it  would  still  take  some 
years  before  the  present  conditions  could  be  radically  altered.  i\Iean- 
while  what  sugar  is  made  will  have  to  come  from  heavily  diseased 
fields  so,  during  this  transition  period  at  least,  the  best  method  of 
treating  them  becomes  a  question  of  great  and  immediate  import¬ 
ance.  It  is  indeed  fortunate  that  this  crisis  in  the  sugar  industry 
of  western  Porto  Rico  comes  at  a  time  of  such  phenomenally  high 
prices.  Otiierwise  losses  would  inevitably  be  very  severe.  Now  even 
half  the  normal  yield  of  sugar  may  show  a  profit  or  at  least  avoid  a 
disastrous  loss.  Circular  Xo.  17  (issued  in  Spanish)  entitled  ‘‘Re- 
comendaciones  sobre  el  Cultivo  de  la  Cana  en  Puerto  Rico,”  was 
largely  written  as  a  contribution  to  this  problem.  It  was,  however, 
a  study  of  the  cultivation  problem  in  general  and  its  underlying 
idea  was  to  show  that  by  using  improved  agricultural  methods  cane 
can  be  grown  not  only  at  a  less  cost  per  acre  but  with  the  greater 
yields  secured  at  a  still  greater  saving  in  the  cost  per  ton.  IVith 
the  continued  rise  in  the  price  of  sugar  the  immediate  problem  with 
disea.sed  fields  is  not  so  much  how  to  reduce  costs  as  how  to  increase 
yields  even  at  the  expense  of  a  reasonable  increase  in  cost.  Luckily, 
enough  data  is  at  hand  to  show  that  cane  even  when  fully  attacked 
by  the  mosaic  will  respond  to  increased  applications  of  fertilizers, 
especially  the  nitrogenous  fertilizers.  Lhider  present  conditions, 
therefore,  cane  growers  in  heavily  infected  districts  should  largely 
increase  their  application  of  fertilizers.  Instead  of  using  2  bags 
per  acre,  which  at  present  is  a  common  practice,  they  should  use 
4  bags,  and  on  top  of  this  a  bag  of  sulfate  of  ammonia,  or  in  the  dry 
season  nitrate  of  soda.  As  an  example  of  yields  that  have  been  ob¬ 
tained  from  heavily  diseased  cane  an  instance  can  be  cited  on  the 
irrigated  lands  of  the  south  coast  when  a  20  acre  field  of  gran  cul- 
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iura  (long-season  plant  cane)  of  the  susceptible  B-3922  variety  gave 
51  tons  per  acre  last  year  though  it  was  estimated  as  90  per  cent 
diseased.  The  same  field  in  previous  years  before  the  disease  ap¬ 
peared  and  under  the  same  cultivation  had  given  an  average  of  65 
tons.  Fields  of  4-  and  5-year  Rayada  ratoons  on  the  north  coast 
which  were  from  90  to  95  per  cent  diseased,  when  well  cultivated 
and  fertilized  as  above,  gave  last  year  as  high  as  20  and  25  tons  of 
cane  per  acre  though  the  year  before  with  ordinary  care  and  fer¬ 
tilizing  they  had  only  given  5  to  10  tons  per  acre.  This  shows  that 
much  can  be  done  to  increase  yeilds  even  in  heavily  diseased  fields 
by  better  cultivation  (by  which  is  meant  stirring  the  land  with  im¬ 
plements,  not  mere  surface  hoeing)  and  by  the  heavily  increased  use 
of  nitrogenous  fertilizers.  Fnder  existing  conditions  these  methods 
are  certainly  justified.  The  pressing  problem  of  the  moment  is  to 
provide  a  sufficient  supply  of  cane  to  keep  the  mills  of  western  Porto 
Rico  grinding  for  the  next  two  or  three  years,  for  it  will  take  that 
length  of  time  to  dominate  the  disease  situation  there  by  the  best  of 
efforts  either  in  eradication  or  the  planting  of  resistant  kinds. 

4th.  Statistics  of  Sugar  Production  as  Affected  by  the  Disease. 

On  another  page  of  this  publication  Mr.  C.  A.  Figueroa,  inspector 
of  agriculture  with  the  Insular  Department  of  Agriculture,  gives 
interesting  statistics  showing  the  tons  of  sugar  produced  at  each  of 
the  mills  on  the  Island  during  the  past  three  crops  and  the  corre¬ 
sponding  number  of  acres  of  cane  harvested.  The  losses  in  sugar 
in  the  different  zones  in  which  he  divides  the  Island  agrees  so  closely 
with  the  percentage  of  disease  present  as  to  leave  no  doubt  that  this 
has  been  the  determining  factor.  It  is  unfortunate  that  rainfall  tables 
were  not  available  in  sufficient  detail  so  that  they  might  have  been 
included  also,  this  being  the  only  important  factor  in  crop  produc¬ 
tion  that  is  omitted.  The  severe  drouth  of  the  Summer  of  1918 
unquestionably  reduced  sugar  yields.  Field  notes  show  that  in 
August  and  September  cane  was  suffering  badly  for  want  of  rain 
in  all  parts  of  the  Island,  excepting  in  the  Rio  Piedras-Loiza  district 
on  the  northeast  and  the  Mayagiiez  district  at  the  west.  In  both 
of  these  districts  local  showers  prevented  serious  damage.  In  the 
first  of  these  districts  (corresponding  to  zone  9  of  the  tables),  where 
the  disease  only  exists  in  a  few  scattered  localities,  the  crop  of  1919 
was  larger  than  that  of  1917  and  only  slightly  smaller  than  that 
of  1918.  In  the  fully  diseased  Mayagiiez  district  the  loss  was  32.4 
per  cent  in  1918  and  39.4  per  cent  in  1919.  The  south  coast  district 
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(zone  5)  lost  10.8  per  cent.  This  was  all  chargeable  to  the  drouth 
and  to  iinseasonahle  rains  during  the  crop  which  lowered  sucrose 
and  purity.  The  Arecibo  district  (zone  2)  on  the  north  coast  suf¬ 
fered  about  equally  from  drouth,  but  here  where  the  disease  was 
abundant  the  loss  reached  39.7  per  cent.  In  the  Arecibo  district 
proper  with  the  Aguadilla  district  omitted,  where  rainfall  was  more 
abundant,  the  loss  reaches  nearly  50  per  cent.  The  difference  be¬ 
tween  the  losses  from  these  two  regions  can  only  be  chargeable  to 
the  mosaic  disease.  We  are  safe  in  concluding  in  a  general  way 
that  when  infection  reaches  an  average  of  60  to  80  per  cent  losses 
of  sugar  will  be  from  30  to  40  per  cent. 

5th.  jMethods  of  Natural  or  Artificial  Infection. 

One  of  the  most  remarkable  things  in  the  history  of  this  disease 
is  the  fact  that  so  many  investigators  in  different  parts  of  the  world 
have  studied  it  for  years  without  suspecting  its  infectious  nature. 
It  has  been  known  in  Java  since  1892,  but  as  late  as  1910  in  the 
comprehensive  paper  by  Wilbrink  and  Ledebour  (Archief  V.  d( 
Java  Suikerindustrie  18:  464-518)  it  is  considered  as  an  abnormal 
bud  variation.  No  literature  is  at  hand  which  shows  any  change 
in  this  view  on  the  part  of  the  Java  pathologists.  This  view  was 
at  first  accepted  also  by  Mr.  S.  L.  Lyon  in  the  Hawaiian  Islands, 
though  he  seems  to  have  been  the  first  to  suspect  its  real  nature  foi 
he  soon  characterized  it  as  ‘^an  infectious  chlorosis.”  Stevenson 
took  up  the  study  of  the  disease  independently  in  Porto  Pico  in 
1915  without  suspecting  its  identity  with  the  ^^G-ele  Strepenziekte  ” 
of  Java.  In  fact,  in  his  latest  paper  (Journal  Department  of  Agri¬ 
culture  OF  Porto  Kico  4:3,  July  1919,)  he  does  not  accept  this 
identity  as  proven.  In  his  earlier  papers  he  confused  the  symptoms 
of  the  yellow  stripe  disease  with  those  of  root  disease.  Later  he 
clearly  recognized  that  he  was  dealing  with  a  distinct  specific  malady, 
but  he  explained  it  as  caused  by  degeneration  or  abnormal  variation. 
It  was  not  till  the  spring  of  1918  (Revista  de  Agricultura  df 
Puerto  Rico  1:18,  May,  1918,)  that  he  came  to  recognize  it  as  an 
infection. 

Secondary  Infection. 

It  has  from  the  first  been  recognized  by  all  workers  with  this 
disease  that  it  was  hereditary,  that  cuttings  from  diseased  stalks 
quite  uniformly  produced  diseased  plants.  The  rapid  spread  of  the 
disease  in  Porto  Rico  indicated  clearly  that  there  must  also  be  a 
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secondary  infection  by  Avhicli  tlie  disease  was  communicated  from 
diseased  to  healthy  plants.  In  fact,  a  careful  reading  of  the  records 
of  field  experiments  in  the  Java  literature  shows  that  this  secondary 
infection  was  also  present  there,  though  for  some  reason  it  was  not 
recognized.  On  arriving  in  Porto  Rico  careful  attention  was  given 
to  this  phase  of  the  subject  and,  as  will  be  seen  by  the  following 
extracts  from  field  notes,  it  was  not  difficult  to  abundantly  demon¬ 
strate  its  occurrence  and  its  importance  in  spreading  the  disease. 

Extracts  from  Field  Notes  on  Secondary  Infection. 

‘‘Los  Canos,  September  9,  1918. — A  field  of  spring-xDlanted  Yellorv  Caledonia 
is  verr  interesting.  Evidently  a  fe\r  pieces  of  diseased  seed  rvere  iDlanted.  The 
stools  springing  from  tliese  are  mncb  dTvarfed  and  tbe  leaves  are  all  clearly  in¬ 
fested  from  tbe  ground  up.  In  every  ease  these  stools  Tvere  clearly  foci  of  in¬ 
fection,  as  they  rvere  surrounded  by  a  number  of  more  recent  cases  in  Tvhieh 
the  top  leaves  were  infected  vrhile  the  bottom  ones  rvere  healthy  and  vhere  the 
growth  of  the  plant  was  but  little  or  not  at  all  checked.  In  these  secondary  cases 
often  only  one  stalk  in  a  stool  was  affected.’^ 

This  was  the  first  case  in  which  secondary  infection  was  clearly 
differentiated  from  primary  or  seed  infection.  The  effects  of  the 
disease  on  the  Yellow  Caledonia  are  very  strongly  marked  and  there 
could  be  no  doubt  as  to  the  correct  interpretation  of  the  facts.  The 
same  conditions  have  since  been  observed  in  literally  hundreds  of 
fields  in  all  parts  of  the  Island. 

“October  19,  1918. — The  above  field  has  gone  from  bad  to  worse.  There  are 
now  many  more  cases  than  were  observed  last  month.  It  is  doubtful  if  over  5 
per  cent  of  the  seed  was  infected  but  fully  30  per  cent  of  the  stools  are  now 
diseased.  ’  ^ 

“Los  Canos,  October  31,  1918. — The  attempt  was  made  to  clean  up  part  of 
a  small  triangular  field  of  Yellow  Caledonia  plant  cane  near  the  mill  in  order 
to  try  some  inoculation  experiments.  The  cane  was  about  2  feet  high.  A  little 
over  11  per  cent  of  the  seed  was  found  to  be  diseased  and  was  pulled  up.  About 
six  weeks  later  (12-16-1918)  27  per  cent  of  the  stools  were  found  to  be  diseased 
in  the  part  of  the  field  from  which  the  diseased  seed  had  been  removed,  while 
in  the  remainder  of  the  field  67  per  cent  of  the  stools  were  diseased,  the  one 
“roguing”  seeming  to  have  reduced  the  number  of  cases  by  40  per  cent.  These 
figures  serve  to  show  how  rapidly  the  disease  was  spreading  by  secondary  infec¬ 
tion  at  this  time.  ’  ’ 

“Los  Canos,  August  23,  1919. — A  field  of  March-planted  cane  from  care¬ 
fully  selected  seed  which  came  up  healthy  and  remained  so  for  some  time  nou 
shows  numerous  infections  on  the  side  next  a  diseased  ratoon  field.  Most  of  these 
eases  are  recent,  the  cane  leaves  being  entirely  normal  up  to  six  feet  or  more. 
This  illustrates  the  fact  that  large  cane  may  become  diseased.  It  also  shows  that 
secondary  infection  has  been  much  more  active  during  the  past  two  months  than 
it  was  earlier  in  the  season  when  the  cane  remained  comparatively  healthy  though 
equally  exposed  to  the  disease.” 
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‘‘Central  CainTalaelie,  September  1,  1918. — A  count  in  a  certain  field  of  gran 
cultura  cane  near  the  pump  house  showed  6  per  cent  infection.  The  cane  was  then 
about  one  foot  high.  ’  ’ 

“December  16,  1918. — A  count  at  the  same  spot  showed  50  per  cent  of  in¬ 
fection.  ’  ^  I  ' 

“Central  Cambalache,  August  22,  1919. — Numerous  cases  of  recent  secondary 
infection  were  observed  in  large  cane  six  and  8  feet  high.  ’  ’ 

“Central  Coloso,  January  2,  1919. — All  fields  in  this  district  that  are  planted 
without  seed  selection  are  heavily  infected  AA’ith  mosaic,  mostly  running  from  75 
per  cent  to  100  per  cent  diseased.  For  the  past  two  years  this  central  has  been 
paying  attention  to  seed  selection.  Fields  planted  with  selected  seed  are  showing 
an  average  of  only  25  per  cent  to  30  per  cent  of  disease.  On  one-half  of  a  large 
field  of  gran  cultnra  j)lanted  with  selected  seed  they  have  tried  pulling  up  dis¬ 
eased  cane.  It  has  now  been  gone  over  three  times.  At  the  first  pulling  12  per 
cent  of  disease  was  found  and  removed.  At  the  third  pulling  only  3  per  cent 
of  disease  was  found.  The  cost  of  such  pulling  was  45  cents  to  50  cents  per  acre. 
At  this  time  this  part  of  the  field  is  practically  clean;  almost  no  disease  can  be 
found.  The  other  half  of  the  field  from  which  no  diseased  cane  was  pulled  noAV 
shows  fully  30  per  cent  disease.’’ 

“August  2,  1919. — Another  inspection  showed  but  little  change  in  the  above 
situation,  ’  ’ 

“Yauco,  January  28,  1919. — Examined  a  field  of  young  cane  next  to  toAAm 
which  is  now  about  three  feet  high.  Secondary  infection  has  eAudently  been  very 
active.  Judging  from  the  present  condition  of  diseased  stools,  less  than  15  per 
cent  of  the  seed  was  infected.  Now  85  per  cent  of  the  stools  are  infected  and 
many  of  the  cases  are  evidently  A’ery  recent.  ’  ’ 

“liauco,  A]3ril  10,  1919. — A  field  was  observed  here  some  time  ago  that  had 
been  planted  by  ‘breaking  banks’  in  a  recently  cut  cane  field  but  without  de¬ 
stroying  all  of  the  old  stubble.  At  the  time  of  this  first  observation  the  seed  cane 
had  all  germinated  and  was  apparently  all  healthy.  Considerable  disease  Avas, 
however,  shoAving  on  ratoons  from  the  old  stubble  between  the  rows.  At  this 
date  many  of  the  diseased  ratoons  are  still  growing  and  the  plant  cane  now 

shows  from  15  per  cent  to  20  per  cent  of  disease  clearly  caused  by  secondary 

infection.  ’  ’ 

“Santa  Eita,  Guanica,  December  31,  1918. — Mr.  Bourne,  who  is  in  charge 
of  experimental  work  here,  has  shoAvn  me  a  field  of  young  B-3312  cane  from  which 
he  pulled  up  6  per  cent  of  diseased  plants  a  month  ago.  According  to  his  count 
it  now  has  11  per  cent  of  disease  while  an  adjoining  field  of  this  kind  planted  at 
the  same  time  from  the  same  seed  but  from  which  no  disease  cane  has  been  pulled 

now  shows  25  per  cent  of  disease.  The  11  per  cent  in  the  one  case  and  the  19 

per  cent  in  the  other  evidently  represented  secondary  infections.” 

The  immunity  experiment  conducted  at  Santa  Rita,  Guanica, 
which  has  been  fully  reported  in  Insular  Experiment  Station  Bul¬ 
letin  19,  gave  one  of  the  most  convincing  proofs  of  secondary  infec¬ 
tion.  Thirty  healthy  seeds  of  each  of  90  varieties  were  planted  :n 
early  October,  1918.  Every  third  row  was  planted  with  disease  * 
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Eayada  so  that  each  kind  was  luiiforml}^  and  completely  exposed  to 
infection.  By  December  31st  all  of  these  kinds  excepting  the  im- 
mnne  Kavangire  had  developed  from  50  to  100  per  cent  of  disease. 
No  more  conclusive  proof  of  infection  than  this  could  he  possible. 

The  Means  by  Which  Infection  is  Carried  from  One  Cane  to  Another. 

■While  nothing  can  he  more  certain  than  that  this  is  an  infections 
disease,  that  the  contagion  is  carried  from  sick  plants  to  healthy 
ones,  we  so  far  knew  nothing  as  to  the  means  by  which  this  is  accom- 
pnhlished.  On  reading  Stevenson’s  article  on  this  disease  published 
in  Phytopathology  (7:418-425,  1917),  the  idea  at  once  occurred  to 
the  present  writer  that  an  insect  carrier  was  involved,  as  is  the  case 
with  some  of  the  other  mosaic  diseases  and  with  the  Curley  Top  of 
the  beet.  A  letter  was  written  to  Mr.  Stevenson  making  the  sug¬ 
gestion  and  asking  if  he  had  any  field  observations  that  would  sup¬ 
port  it.  Since  coming  to  Porto  Rico  this  question  has  been  constantly 
in  mind  as  it  is  of  great  practical  importance.  At  times  field  ob¬ 
servations  have  been  made  that  seem  to  strongly  support  this  hypo¬ 
thesis.  For  instance,  at  the  Santa  Rita  immunity  experiment  when 
the  disease  was  running  so  rapidly  in  December  there  was  an  unusual 
abundance  of  leaf  hoppers  of  several  species.  They  literally  rose 
in  swarms  when  walking  through  the  young  cane.  Later  when  the 
disease  had  become  so  much  less  active  the  leaf  hoppers  had  prac¬ 
tically  disappeared.  Very  few  of  them  could  be  found.  The  aid 
of  the  entomologists  Avas  early  invoked  for  help  in  the  solution  of 
this  problem.  ExtensAe  cage  experiments  Avere  tried  Avith  a  con¬ 
siderable  number  of  cane  insects  both  here  and  at  the  Federal  Station 
at  Mayagiiez.  Professor  Smyth  gAes  an  account  of  his  Avork  here 
in  another  part  of  this  publication.  The  jMayagiiez  experiments  aauII 
be  reported  in  the  Annual  Report  of  that  Station.  Only  4  takes 
Avere  secured  by  Professor  Smyth  out  of  185  experiments.  Lhider 
other  conditions  this  might  be  accepted  as  proof  that  insects  do  some¬ 
times  carry  the  disease,  but  as  the  chance  for  accidental  infection 
is  alAvays  present  in  Porto  Rico  so  small  a  percentage  of  takes  can 
not  be  considered  as  conclusive.  Professor  ToAver  of  the  Federal 
Station  reports  no  takes  at  all  as  the  result  of  his  experiments.  The 
case  therefore  still  stands  as  not  proven. 

The  belief,  however,  remains  that  insect  carriers  of  some  kind 
are  responsible  for  the  spread  of  the  disease.  This  Avould  completely 
account  for  all  of  the  obseiwed  facts  and  no  other  suggestion  has 
been  made  that  can  do  so. 
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To  What  Distance  can  the  Contagion  be  Carried  in  Cases  of  Secondary  Infec¬ 
tion? 

In  the  field  at  Los  Canos,  where  secondary  infection  was  first 
clearl}^  ohseiwed,  the  secondary  eases  were  all  clustered  quite  closely 
about  the  primary  cases  of  seed-infected  stools.  In  fact,  most  of 
them  were  in  immediately  adjoining  stools.  This  seems  to  be  the 
normal  method  of  spreading,  from  an  infected  hill  to  those  nearest 
to  it.  Instances  have  frequently  been  noted  where  a  roadway  or  an 
irrigation  ditch  has  acted  as  a  fairly  efficient  but  never  as  a  complete 
barrier.  Just  east  of  the  town  of  Bayamon  there  is  a  strip  of  pasture 
land  with  no  cane  fields  for  a  width  of  perhaps  half  a  mile.  This 
lias  served  as  a  barrier  and  has  for  three  years  prevented  the  disease 
from  passing  eastward. 

On  the  other  hand  the  disease  is  constantly  appearing  in  new 
districts  and  at  times  under  circumstances  that  make  it  highly  im¬ 
probable  that  diseased  seed  cane  had  been  introduced.  Of  course 
in  most  cases  new  outbreaks  are  easily  traced  to  diseased  seed.  At 
Central  Fajardo  at  least  two  instances  have  been  noted  where  a  few 
isolated  cases  have  been  discovered  in  fields  far  removed  from  any 
other  diseased  cane  and  where  no  contaminated  seed  could  possibly 
be  traced.  At  Central  Aguirre,  too,  a  number  of  such  scattered 
diseased  stools  have  been  found  at  points  far  distant  from  any  known 
source  of  infection.  As  an  instance,  four  diseased  stools  were  found 
near  together  in  the  middle  of  a  field  near  the  mill.  At  that  time 
no  other  diseased  cane  had  been  found  Avithin  a  number  of  miles  of 
this  place.  A  careful  search  of  the  field  from  Avhich  this  seed  cane 
came  failed  to  shoAV  any  sign  of  disease.  While  secondary  infection 
thus  usually  takes  place  between  diseased  canes  and  those  imme¬ 
diately  adjoining  it  seems  clear  that  at  times  the  infection  may  be 
carried  for  A^ery  considerable  distances. 

Periodicity  or  Irregularity  of  Secondary  Infection  in  the  Same  Locality. 

It  is  a  matter  of  common  observation  that  at  some  times  this 
disease  spreads  much  faster  that  at  others.  Popular  opinion  seems 
to  be  that  the  spread  is  fastest  in  late  summer  and  fall  and  less 
active  in  the  spring.  Such  observations  as  have  been  recorded  tend 
to  confirm  this  vieAV,  but  it  is  by  no  means  proven  that  there  is 
any  such  periodicity  in  the  irregularity  of  infection.  The  point  needs 
further  study  since  it  might  have  an  important  bearing  on  the  time 
for  attempting  to  establish  seed  fields  in  infected  territory. 

In  August  it  Avas  noted  at  both  Cambalache  and  Los  Caiios  near 
Arecibo  that  secondary  infection  had  recently  become  quite  active 
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in  spring-planted  fields  that  had  largely  escaped  contagion  earlier 
in  the  season. 

The  most  remarkable  instances  of  irregularity  in  the  spread  of 
the  contagion  is  that  recorded  in  Insular  Experiment  Station  Bulle¬ 
tin  19  on  the  immunity  experiment  at  Santa  Rita.  Healthy  seed 
planted  in  early  October  was  quite  fully  infected  by  the  end  of 
December,  showing  unprecedented  activity  in  infection.  That  planted 
early  in  December  never  became  over  half  infected,  nine  of  the  varie¬ 
ties  escaping  entirely,  while  that  planted  the  last  of  December  had 
in  April  only  developed  6  and  8  per  cent  of  disease.  It  must  be 
remarked  that  this  last  was  not  interplanted  with  diseased  cane  like 
the  others,  but  on  the  side  adjoining  diseased  old  cane  it  had  only 
developed  8  per  cent  of  disease,  showing  a  most  remarkable  falling 
off  in  virulency  from  the  condition  in  the  same  field  in  November 
and  December. 

Difference  in  the  Activity  of  Secondary  Infection  in  Different  Localities. 

Since  this  disease  first  attracted  attention  in  Porto  Rico  a  marked 
difference  has  been  noted  in  its  behavior  in  different  localities. 
Stevenson  in  his  various  reports  has  frequently  called  attention  to 
the  fact  that  it  always  seems  to  spread  faster  among  the  hills  of 
the  interior  than  in  the  open  level  lands  near  the  sea.  That  this 
condition  still  prevails  has  been  confirmed  by  hundreds  of  observa¬ 
tions  made  during  the  past  year.  At  least  for  the  whole  extent  of 
the  north  coast  it  is  rare  to  find  a  field  near  the  sea  that  is  heavily 
infected,  but  back  in  the  valleys  among  the  limestone  hills  it  is 
equally  rare  to  find  one  that  is  not  so  infected.  Even  when  the  seed 
infection  has  been  about  the  same  the  disease  has  spread  much  more 
rapidly  among  the  hills.  This  is  not  so  marked  on  the  west  coast, 
where  practical!}^  all  of  the  fields  are  now  heavily  infected. 

In  a  general  way  the  spread  of  the  disease  by  secondary  infection 
has  been  much  more  rapid  and  alarming  in  the  territory  west  of  a 
line  drawn  from  Arecibo  or  Barceloneta  to  Ponce  than  it  has  been 
at  any  point  east  of  that  line.  No  cases  have  been  observed  in  eastern 
Porto  Rico  where  entire  fields  have  been  quickly  involved,  as  hap¬ 
pened  at  the  Santa  Rita  immunity  experiment  and  in  the  attempted 
seed  field  plantings  at  Los  Canos  and  Florida.  Secondary  infection 
has  occurred  in  all  districts,  but  in  the  eastern  part  it  has  involved 
comparatively  few  plants  at  any  one  time. 

It  is  a  curious  fact  that  in  the  propagating  house  at  the  Insular 
Experiment  Station  no  secondary  cases  were  observed  for  many 
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months,  although  healthy  and  diseased  plants  were  growing  side  by 
side  for  three  years.  It  is  only  during  the  last  six  months  that  a 
few  such  cases  have  appeared.  In  some  cases  diseased  and  healthy 
cuttings  Avere  planted  in  the  same  pot  and  greAV  with  their  roots  and 
leaA^es  intermingled  for  OA^er  a  year  Avith  no  transmission  of  the 
disease  taking  place.  Again,  diseased  and  healthy  plants  have  been 
groAAm  in  the  same  Avire  netting  cage  in  the  open  grounds  Avith  no 
development  of  secondary  cases  eA^en  AAdien  the  cage  Avas  heaAdly  col¬ 
onized  by  sucking  insects.^ 

When  the  method  of  natural  infection  is  once  learned  these  facts 
can  doubtless  be  easily  explained,  but  at  present  no  theory  can  be 
offered  that  Avill  account  for  them. 

Artificial  Inoculations. 

The  different  mosaic  diseases  AAdiich  have  been  iiiA^estigated  present 
veiy  marked  differences  in  the  ease  Avith  AAdiich  they  may  be  produced 
artificially.  At  the  time  that  these  investigations  Avere  begun, 
(August,  1918,)  only  one  successful  inoculation  experiment  had  been 
reported  AAuth  the  cane  mosaic  or  yelloAV  stripe  disease,  that  by  Dr. 
Kamerling  in  JaA^a  in  1902.^  Later  iiiA^estigators  in  JaA^a  had  been 
unable  to  corroborate  this  result  since,  according  to  Wilbrink  and 
Ledeboer,^  all  subsecpient  attempts  at  inoculations  had  failed.  Ste¬ 
venson,  too,  in  his  various  papers  on  this  disease  reports  only  failures 
in  his  attempts  at  inoculation.  Since  inoculations  AAuth  diseased  cane 
juice  had  given  such  unsatisfactory  results  the  attempt  AA^as  made 
to  try  out  other  methods  by  AAdiich  the  disease  might  be  conveyed, 
the  results  of  Avliich  are  gAen  in  the  notes  on  the  folloAAdng  21  experi¬ 
ments.  It  Avill  be  noted  that  three  of  these  experiments,  Nos.  1,  2 
and  12,  consisted  in  rubbing  or  otherAvise  lacerating  healthy  leaves 
Avith  diseased  tissue  AAdiich  is  the  successful  method  for  conveying 
the  bean  mosaic.  No  cases  resulted.  Experiments  3,  5,  10  and  11 
consisted  in  binding  pieces  of  diseased  tissue  in  contact  Avitli  cut 
surfaces  of  healthy  stalks.  Out  of  11  such  attempts  one  was  success¬ 
ful  (see  No.  5).  In  experiments  4,  6  and  8  bits  of  diseased  tissue 
AA^ere  dropped  into  the  inrolled  terminal  leaf  spindle  so  as  to  lie  in 
contact  with  uiiAAmunded  young  tissue.  Out  of  60  attempts  four 
positive  cases  resulted.  In  experiment  No.  6,  three  out  of  five  at¬ 
tempts  Avere  successful,  the  highest  proportion  in  any  of  these  experi¬ 
ments,  yet  the  same  method  used  on  a  large  scale  at  Areeibo  (No.  8) 


1  Since  the  above  was  written  secondary  infection  has  developed  in  some  of  these  cases. 
^  Am.  Rept.  Ka.gok  Proefstation,  Java,  1902. 

2  Med.  Het  Proefstation,  Java,  1910. 
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completely  failed.  In  experiment  No.  7  a  hypodermic  needle  was 
thrust  into  the  soft  tissue  near  the  terminal  bnd  of  a  diseased  cane 
and  was  immediately  inserted  near  the  base  of  the  inrolled  leaf 
spindle.  There  was  no  result  from  50  attempts.  Exx^eriment  Xo.  9 
was  the  only  one  made  with  diseased  juice  exj^osed  in  the  open  air. 
It  was  intended  as  a  check  on  the  following  exi^eriments,  no  positive 
results  being  ex^Dected  on  accoiuit  of  the  failure  of  this  method  that 
had  been  so  often  reported.  ’  As  a  matter  of  fact  two  out  of  seven 
attemi^ts  developed  good  cases,  the  one  in  a  little  over  three  weeks, 
the  other  in  between  four  and  six  weeks. 

Since  the  disease  was  spreading  rapidly  in  the  fields  by  secondary 
infection  and  since  insect  carriers  seemed  to  be  the  only  logical 
explanation  of  this  sjDread  the  attempt  was  made  to  visualize  any 
possible  differences  in  method  between  this  hypothethical  inoculation 
by  insects  and  the  previous  attempts  at  artificial  inoculation.  Since 
yoimg  cane  tissue,  and  to  a  less  extent  cane  juice  turns  brown  quickly 
when  exposed  to  the  air  it  seemed  possible  that  this  oxidation  might 
aff'ect  the  vitality  of  the  mosaic  virus,  and  that  a  sucking  insect  flmug 
from  a  diseased  to  a  healthy  xtlant  and  again  feeding  might  regim- 
gitate  a  minute  quantity  of  the  diseased  juice  without  having  exposed 
it  to  the  air.  To  test  this  idea  the  attempt  was  made  to  extract  juice 
fi’om  diseased  cane  under  oil  to  uvoid  exposing  it  to  the  air.  In 
experiments  13  and  Ih  the  technique  was  faulty,  still  one  case  devel¬ 
oped  in  Xo.  4  after  only  two  weeks  incubation.  In  exx)eriment  15 
a  satisfactory  juice  was  obtained  which  remained  clear  and  abso¬ 
lutely  cclorless  under  the  protective  oil  covering.  Of  the  ten  incc-TT- 
lations  in  this  ex|Teriment  five  developed  typical  cases  of  disease 
within  fcui  weeks  time,  and  the  basal  suekers  also  shewed  the  disease, 
demonstrating  the  fact  that  the  entire  plant  had  become  infected. 
However,  exiTeriments  20  and  21  which  were  designed  to  exactly 
duplicate  this  one  gave  no  positive  cases. 

Experiments  17,  18  and  19  are  sufficiently  exiTlained  by  the  notes 
under  each.  The  peculiar  differences  in  behavior  of  the  inoculated 
plants  in  18  and  19  can  only  be  explained  on  the  supposition  that 
the  virus  from  the  diseased  bits  of  tissue  in  the  test  tubes  had  propa¬ 
gated  in  the  protected  healthy  juice  and  that  it  produced  local  lesions 
in  the  leaves  of  the  plants  into  which  it  was  injected  even  though 
no  cases  of  disease  were  induced.  The  same  effect  was  observed  to  a 
marked  degree  in  experiment  20  and  to  a  le.ss  extent  at  various  other 
times.  These  observations  seem  to  indicate  that  the  virus  may  cause 
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temporary  local  lesions  even  when  the  disease  does  not  become  gen¬ 
eralized  so  as  to  affect  the  entire  plant. 

The  prompt  production  of  diseased  suckers  from  the  base  of 
infected  stalk  sIioays  that  the  entire  stalk  must  become  diseased  at 
about  the  time  that  it  first  becomes  eAndent  in  the  terminal  leaves. 
Tlie  leaves  formed  before  this  time,  liOAveATr,  do  not  shoAV  the  disease 
hilt  remain  normal  in  color  until  they  dry  up.  Secondary  infections 
in  the  field  can  nsiially  he  distinguished  from  seed  infection,  for 
in  the  latter  all  the  leaves  Avill  he  affected  and  the  grovTh  nsiially 
stunted  ivhile  in  the  former  the  basal  leaiTS  remain  normal  and  for 
a  time  at  least  groivth  is  but  little  checked.  Then,  too.  in  seed  in¬ 
fection  all  the  stalks  in  the  stools  are  involved;  in  secondary  in¬ 
fection  at  first  only  one  or  a  part  of  the  stalks  shoiv  the  disease. 
After  cutting  the  cane  all  of  the  ratoon  sprouts  from  an  infected 
stool  Avill  show  the  disease;  that  is,  all  of  those  baling  organic  con¬ 
nection  through  the  old  stubble.  Withont  this  organic  connection 
two  plants,  one  healthy  and  the  other  diseased,  may  groiv  in  close 
contact  Avith  their  roots  intermingled  for  months  or  ei^en  for  years 
Avithoiit  any  transference  of  the  disease. 

In  interpreting  the  ahoA^e  results  it  must  he  borne  in  mind  that 
in  practically  all  parts  of  Porto  Eico  there  is  more  or  less  danger 
of  natural  infection.  The  results  of  all  inoculation  experiments  made 
here  must  ahvays  be  subject  to  more  or  less  doubt  from  this  cause. 
As  a  matter  of  fact  tivo  natural  cases  appeared  in  that  part  of  field 
Xo.  11  where  most  of  these  experiments  Avere  made,  and  several 
others  occurred  in  other  parts  of  this  field.  In  the  experiments  in 
this  field  Aidiere  inoculations  Avith  diseased  juice  or  diseased  tissue 
Avere  made  in  54  stalks,  12  of  them  dei’eloped  the  disease.  Several 
hundred  stalks  AA^ere  included  in  the  area  Aidiere  only  tivo  cases  devel¬ 
oped  from  natural  infection.  This  proportion  is  so  much  smaller 
that  Ave  are  forced  to  conclude  that  at  least  a  portion  of  these  12 
cases  AA^ere  caused  by  artificial  inoculations.  The  fact  remains,  Iioav- 
ever,  that  the  successes  were  much  less  frecpient  than  the  failures, 
that  the  best  results  could  not  ahvays  be  duplicated,  and  that  the 
successful  transfer  of  the  disease  is  dependent  on  some  factor  or  fac¬ 
tors  as  yet  absolutely  undiscovered. 

Inoculation  Experiments. 

September  12,  1918.— Insular  Experiment  Station  greenhouse,  cane 
plants  in  pots. 

1.  Five  stalks.  Young  leai^s  rubbed  vigorously  Avith  diseased 
leaf  (as  in  method  of  com^eying  bean  mosaic).  Xh  results. 
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2.  Five  stalks.  Young  leaves  rubbed  with  tissue  from  near  the 

tip  of  diseased  stalk.  Xo  results. 

3.  Four  stalks.  Cut  vith  slanting  cut  and  wedge  of  diseased 

tissue  inserted.  Xo  results. 

4.  Five  stalks  with  bits  of  diseased  tissue  dropped  into  the  in- 

rolled  leaf  spindle  of  terminal  bud. 

On  October  21  one  plant  in  this  lot  was  showing  symp¬ 
toms  of  mosaic  and  by  October  26  it  was  a  clearly  devel¬ 
oped  case. 

January  12,  1919. — Insular  Station  field  XY.  11,  Yellow  Caledonia 
ratoons. 

5.  Two  stalks.  Hade  slanting  cut  on  side  and  pushed  in  a 

wedge-shaped  ‘'graft'’  made  from  the  tip  of  a  diseased 
cane,  covered  ^vith  waxed  paper  and  tied  firmly. 

6.  Five  stalks.  Dropped  bits  of  diseased  tissue  in  inrolled  leaf 

cylinder  of  terminal  bud. 

*  On  January  31  one  of  the  /'grafts”  in  experiment  5 

was  still  alive  the  other  was  dead. 

February  27,  1919.  One  of  the  stalks  in  lot  5  had 
developed  a  good  case.  The  other  remained  negative. 

February  11.  One  of  the  plants  in  lot  6  show  the 
disease. 

Harch  13.  Two  more  plants  in  lot  .6  have  developed 
the  disease  and  the  first  one  shows  diseased  suckers  a1 
the  base.  The  other  two  plants  remained  negative. 
October  31.  1918. — Central  Los  Canos.  Arecibo.  Plant  cane  of  Yel¬ 
low  Caledonia,  stalks  about  2  feet  high. 

7.  Fifty  staJks  inoculated  with  needle  punctures  through  the 

inrolled  leaf  spindle  just  above  the  terminal  bud.  The 
hypodermic  needle  was  first  thrust  into  the  soft  tissue 
near  the  tip  of  a  diseased  cane  and  then  into  the  stalk 
to  be  inoculated. 

8.  Fifty  stalks.  Diseased  tissue  dropped  into  the  inrolled  leaf 

spindle. 

Two  or  three  cases  of  mosaic  developed  in  each  of  these  lots  but 
as  natural  secondary  infection  was  active  fully  as  many  cases  devel¬ 
oped  in  the  adjoining  untreated  rows.  The  result  was  thereafter 
negative. 

January  31,  1919. — Insular  Station  field  XY.  11.  Yellow  Caledonia 
ratoons. 

9.  Inoculated  7  canes  (about  2  feet  high)  with  hypodermic 
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needle,  using  juice  from  diseased  cane  pressed  out  by 
hand  laboratory  miU.  The  needle  was  thrust  into  the 
leaf  spindle  above  terminal  bud. 

Februar  23,  1919.  One  of  these  cane  has  developed 
mosaic. 

March  11,  1919.  One  more  case  has  just  developed 
the  disease.  The  remaining  5  stalks  remained  negative. 

January  20,  1919.  Insular  Station  greenhouse. 

10.  ‘Mnarched”  a  diseased  and  a  health  cane  (both  grovdng  in 

pots)  by  cutting  away  about  one-third  of  each  cane  for 
a  distance  of  3  inches  and  binding  the  exposed  surfaces 
together. 

The  canes  lived  for  some  months  but  the  healthy  cane 
did  not  contract  the  disease. 

January  31,  1919. — Insular  Station  Field  5.  Spring  plant  cane 
about  7  feet  high  with  well-developed  stalks,  variety 
P.  E.-271. 

11.  Prepared  4  stalks  by  cutting  out  a  block  of  cane  one  inch 

long  and  one-ciuarter  to  one-third  inch  thick  with  a  bud 
in  center.  The  space  was  filled  with  a  similar  block  with 
bud  in  center  cut  from  a  diseased  cane  which  was  firmly 
tied  in  place  and  well  covered  with  waxed  paper. 

These  diseased  blocks  remained  alive  for  some  weeks 
but  no  cases  resulted. 

January  31,  1919. — Same  field  as  above. 

12.  Two  canes  inoculated  by  placing  a  diseased  leaf  in  contact 

with  a  healthy  one  and  boring  the  point  of  a  penknife 
through  the  two  leaves  so  as  to  blend  the  tissues.  No 
results. 

January  31,  1919. — Insular  Station.  Field  11.  Yellow  Caledonia 
ratoons. 

Since  freshly  cut  cane  tissue  and  cane  juice  oxidizes 
quickly  with  change  of  color  when  exposed  to  the  air  it 
was  thought  that  this  oxidation  might  destroy  the  con¬ 
tagion.  The  attempt  was  made  to  protect  the  juice  from 
air  b}^  crushing  pieces  of  cane  in  a  morter  which  was 
partially  filled  with  olive  oil.  It  was  difficult  to  get  out 
the  juice  in  this  way  and  it  seemed  to  emulsify  to  some 
extent  with  the  oil. 

13.  Ten  stalks  were  inoculated  Avith  the  mixed  oil  and  juice. 

On  February  8  these  plants  shoAved  extensive  yelloAv 
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oil-soaked  areas  both  above  and  below  the  needle  pricks. 

'  These  shaded  out  into  mottled  areas  and  stripes  lookinsr 
rnncb  like  incipient  cases  of  the  disease.  Some  of  these 
stalks  hnallv  died  from  the  effect  of  the  oil  but  none  of 
them  devekped  mosaic. 

Febrnarv  ],  1919. — Tnsnlar  Station  Field  11.  Yellow  Caledonia 
ratoons. 

14.  Ten  more  stalks  were  inoculated  with  juice  pressed  out 

under  ga.s-engine  cylinder  oil  in  a  mortar.  This  did  not 
emulsify  but  so  little  jnice  was  secured  that  water  was 
added  in  order  to  suck  it  into  the  needle  without  oil. 

February  15.  One  typical  case  had  developed  and  was 
photographed.  The  other  nine  remained  negative. 

15.  February  8.  1919.  Prepared  jnice  from  diseased  cane  with¬ 

out  exposure  to  air  by  taking  bits  of  the  cane  in  strong 
pincers  and  holding  them  under  gas-engine  cylinder  oil 
in  a  beaker  while  pressing  out  the  juice. 

Inoculated  10  canes  about  2  feet  high.  Yellow  Caledonia  ra¬ 
toons,  field  11,  vdth  this  juice  by  inserting  the  hypo¬ 
dermic  needle  into  the  leaf  spindle  just  above  the  ter¬ 
minal  bud. 

Also  inoculated  7  canes  in  same  field  by  inserting  the  needle 
into  the  midrib  of  young  leaves.  These  last  gave  only 
negative  results. 

iMarch  7.  Five  of  the  ten  canes  inoculated  in  the  leaf 
spindle  on  Februarj^  8  now  show  pronounced  eases  of 
mosaic.  In  three  of  them  basal  suckers  are  also  showing 
the  disease  thus  demonstrating  that  the  entire  plant 
quickly  becomes  infected. 

16.  February  9,  1919.  Y"ith  the  oil  protected  juice  prepared 

yesterday  3  ^inoculations  were  made  in  the  leaf  spindle 
of  terminal  hud  in  spring-planted  P.  R.-271  cane  6  feet 
high  in  field  5  C.  Yfiien  the  new  leaves  developed  con¬ 
spicuous  yellowish  areas  appeared  both  above  and  below 
the  needle  pricks.  For  some  time  they  were  regarded  as 
incipient  cases  but  these  symptoms  finally  faded  out  and 
no  infection  followed. 

17.  February  12,  1919.  In  order  to  test  the  possibility  of  propa¬ 

gating  the  mosaic  infection  outside  of  the  cane  plant,  juice 
from  healthy  cane  was  expressed  under  cylinder  oil  to 
protect  it  from  oxidation.  This  juice  was  pipetted  to  test 
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tubes  in  which  half  an  inch  of  oil  had  been  placed  and 
thus  protected  from  contacted  with  the  air  the  tubes  were 
sterilized  in  the  autoclave.  When  cool  bits  of  tissue  cut 
with  flamed  scalpel  from  near  the  growing  point  of  dis¬ 
eased  cane  Avere  forced  under  the  oil  in  one  series  of  tubes 
and  corresponding  pieces  of  tissue  from  healthy  cane  were 
placed  in  another  series  as  checks. 

The  juice  remained  bright  and  clear  in  both  series 
for  many  weeks,  the  onl}^  difference  noted  being  that  the 
bits  of  healthy  tissue  mostly  sank  to  the  bottom  of  the 
tubes  while  most  of  the  bits  of  diseased  tissue  floated 
between  the  juice  and  the  oil. 

18.  March  9,  1919.  Inoculated  10  canes  in  the  Yellow  Cale¬ 

donia  ratoons,  field  11,  with  juice  from  one  of  the  tubes 
prepared  on  February  12  in  which  a  bit  of  diseased  cane 
Avas  suspended  and  10  more  from  one  of  the  check  tubes 

19.  which  contained  a  bit  of  healthy  tissue. 

On  March  15  it  was  noted  that  a  number  of  the  plants 
in  the  first  series  were  showing  local  discoloration  near 
the  needle  punctures  but  that  no  such  discoloration  could 
be  noted  in  the  check  series. 

On  March  26  trifling  local  discoloration  was  noted  in 
two  plants  in  the  checks  series  the  remaining  8  showing 
only  dried-down  needle  pricks.  Five  of  the  ten  in  the 
first  series,  on  the  contrary,  shoAved  mottled  discolored 
areas  three  or  four  inches  in  extent  about  the  needle  pricks 
and  they  were  noted  as  incipient  cases.  Three  of  the 
plants  showed  slight  local  discoloration  only,  while  the 
other  two  Avere  intermediate,  but  it  was  thought  at  the 
time  that  they  Avould  develop  good  cases.  As  a  matter 
of  fact,  after  being  visible  for  some  weeks  the  color  finally 
faded  out  from  all  of  these  areas  and  no  cases  resulted 
in  either  series,  but  there  can  be  no  question  as  to  theii 
different  behavior. 

March  21,  1919. — Caledonia  Ratoons,  field  11. 

20.  Inoculated  10  canes  Avith  oil-protected  juice  from  diseased 

cane  (prepared  as  on  February  8)  injected  into  leaf 
spindle  just  above  the  terminal  bud. 

On  March  29,  it  Avas  noted  that  nine  of  the  above 
inoculations  showed  pronounced  local  discolorations  in  the 
neighborhood  of  the  needle  pricks.  These  discolored  areas 
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presented  much  the  appearance  of  the  true  mosaic  and  in 
some  cases  they  could  be  traced  for  three  or  four  inches 
above  and  below  the  needle  pricks.  As  the  successful 
inoculations  made  in  this  same  manner  on  February  S 
had  also  shown  these  preliminary  symptoms  it  was  con¬ 
fidently  expected  that  nine  positive  cases  would  result. 
However,  after  remaining  visible  for  some  weeks  the  dis¬ 
colorations  finally  faded  out  and  no  infections  followed. 

21.  March  21.  1919.  Six  inoculations  were  also  made  with  the 
same  oil-protected  juice  in  young  ratoons  in  pots  in  the 
greenhouse.  Xo  cases  resulted. 

The  results  of  inoculation  experiments  made  at  this  station  by 
the  pathologist.  Mr.  Julius  ^latz.  will  be  found  on  another  page. 
He  also  had  only  occasional  successes  in  communicating  the  disease. 
Details  of  the  cage  experiments  with  insects  suspected  as  being  car¬ 
riers  of  the  disease  are  given  by  the  entomologist  of  the  Station. 
^Ir.  E.  G.  Smyth,  at  another  place  in  this  publication.  The  verdict 
here  will  simply  have  to  be  ‘‘not  proven.” 

The  situation  under  this  heading  may  be  summarized  as  follows: 

1st.  Sugar-cane  mosaic  is  hereditary.*'  being  uniformly  carried  in 
diseased  cuttings  and  always  appearing  in  plants  grown  from  them. 

2nd.  Secondary  infection  exists  in  nature  and  is  often  responsible 
for  the  rapid  spread  of  the  disease  to  previously  healthy  cane.  Or¬ 
dinarily  it  is  nearby  stools  that  are  thus  affected,  but  occasionally  the 
disease  seems  to  be  carried  for  long  distances.  Secondary  infection 
is  more  active  in  some  localities  than  iu  others.  It  is  also  more  active 
at  some  times  than  at  others  in  the  same  localiH.  Insect  carriers  of 
the  disease  have  been  suspected,  but  so  far  this  is  not  proven. 

3rd.  Successful  artificial  transfers  of  the  disease  have  been  made 
by  various  methods  but  the  results  have  not  been  imiform  and  com¬ 
plete  failure  often  results. 

6th.  Eesistaxce  axu  Immuxtty — ^Vakiety  Studies. 

The  importance  of  this  topic  was  early  recognized  and  field  ob¬ 
servations  were  made  on  the  behavior  of  the  varieties  to  the  disease 
at  all  opportunities.  A  few  notes  on  the  supposed  resistance  of  cer¬ 
tain  kinds  had  been  published  by  Stevenson  and  by  Cowgill.  It  was. 
however,  the  finding  of  an  apparently  immune  variety,  the  Japa¬ 
nese  ^  Kavangire,  in  the  exi)erimental  plots  at  the  F ederal  Station 

^  Since  the  above  was  written  the  publication  of  a  paper  on  this  variety  by  Dr.  Cross 
of  the  Argentine  Station  at  Tucunian  shows  that  this  is  a  north  Indian  cane  but  that  it 
has  never  been  cultivated  in  .Japan. 
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at  ^rayagiiez,  tliat  focussed  attention  on  this  phase  of  the  problem 
and  indicated  the  necessity  for  an  immediate  comprehensive  study 
of  varietal  resistance.  Evidently  plots  for  this  purpose  would  have 
to  be  located  in  a  diseased  district  and  would  have  to  be  so  planted 
as  to  subject  each  kind  to  an  ecpial  chance  for  infection.  It  was  at 
first  proposed  to  the  Federal  Station  at  Mayagliez  that  they  make 
such  a  planting.  No  land  for  the  purpose  being  available,  however, 
an  arrangement  was  made  with  the  Central  Guanica  for  putting  in 
such  an  experiment  at  their  trial  grounds  at  Santa  Eita  under  the 
supervision  of  kir.  Bourne,  who  was  then  in  charge  of  their  experi¬ 
mental  work.  A  total  of  171  kinds  were  planted  in  rows  of  30  seed 
pieces  each  and  every  third  row  was  planted  with  diseased  Eayada 
in  order  to  secure  a  uniform  chance  for  infection.  The  results  of  this 
experiment  were  published  in  Insular  Station  Bulletin  19,  where  full 
details  are  given.  They  may  be  summarized  by  saying  that  the  full 
immunity  of  the  Kavangire  cane  was  proven.  Convincing  proof  of 
periodicity  or  irregularity  in  the  activity  of  the  infection  was  secured. 
From  this  cause  9  of  the  kinds  failed  to  become  infected.  Of  the 
remainder  40  varieties  were  clearly  more  susceptible  than  the  Kayada ; 
that  is,  they  showed  greater  injury  when  attacked  by  the  disease; 
42  kinds  were  listed  as  about  equal  to  Eayada  in  this  respect;  while 
73  kinds  made  a  somewhat  better  showing  than  the  Rayada.  The 
bulletin,  however,  fails  to  call  attention  to  the  fact  that  the  Rayada 
rows  are  all  from  infected  seed  and  that  this  constitutes  a  heavy 
handicap  in  comparing  them  with  the  other  kinds,  which  were  all 
secondary  infections.  If  the  experiment  is  continued  another  year 
the  Rayada  will  make  a  decidedly  better  showing  in  the  ratoon  crop, 
which  will  practically  all  come  from  infected  stubble.  Of  these  73 
kinds  24  were  listed  as  being  especially  resistant,  or  perhaps  the 
better  word  would  be  tolerant,  to  the  disease  since,  though  fully 
infected,  tbeir  growth  was  but  little  affected.  Of  these  the  best  in 
order  named  were  given  as  Java  56,  Java  234,  and  G.  C.-1313  (Gua¬ 
nica  Central  seedling).  The  name  of  the  first-mentioned  and  most 
promising  of  these  kinds  needs  a  further  word  of  explanation.  In 
a  footnote  on  page  6,  Bulletin  19,  the  statement  is  made  that  ‘Ahis 
is  the  J.-36  of  the  Argentine  but  is  not  the  true  J.-36  of  Java.’^ 
This  was  said  because  of  the  description  by  Noel  Deerr  (Cane  Sugar, 
p.  41)  of  Java  36  (P.  0.  J.)  which  calls  for  a  green  cane.  The  find¬ 
ing  of  the  very  full  description  of  this  variety  by  Jesweit  (Med.  V. 
Proefs.  V.  Java-Sukerindustrie  Series  1917  (No.  12,  p.  6)  shows 
conclusively  that  this  is  our  cane  and  that  its  name  is  Java  36 
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Java.  It  is  one  of  Koinis’  seedlings  having  the  North  India  variety 
(P.  0.  J.),  the  initials  standing  for  words  meaning  Proofstation  East 
Chnnnee  as  staminate  parent  and  the  Black  Cheribon  (Louisiana 
Purple)  as  pistilate  parent.  The  description  of  the  green  variety 
quoted  hy  Deerr  properN  belongs  to  Java  36  (Bouricius),  a  cane 
belonging  in  a  different  series  of  seedlings  and  from  different  parent¬ 
age.  The  careless  use  of  the  initial  J.  to  indicate  any  seedling  cane 
from  Java  is  an  error,  since  several  numbered  series  of  seedling 
canes  have  been  produced  in  Java.  ‘‘J-228”  and  ‘‘J-234”  of  Bul¬ 
letin  19  should  also  be  written  J-228  (P.  0.  J.)  and  J-234  (P.  0.  J.), 
since  they,  too,  are  seedlings  by  Kobus  from  the  same  parentage. 
The  resistance  of  these  kinds  clearly  comes  from  the  North  Indian 
ancestry.  The  Japanese  varieties  also  all  came  originally  from  north¬ 
ern  India.  Observations  on  another  Japanese  cane,  the  Zwinga  or 
so-called  odder  cane”  of  the  southern  States,  indicate  that  it,  too, 
is  immune  to  the  mosaic,  though  it  has  not  been  subjected  to  such 
convincing  tests  as  the  Kavangire,  which  it  closely  resembles  but 
from  which  it  may  be  easily  distinguished. 

7th.  Eoohogical  Survey  of  the  Insects  Inhabitants  of  Cane 

Fields. 

The  importance  of  this  topic  was  based  on  the  supposed  existence 
of  some  insect  carrier  for  the  mosaic  disease.  Field  observations 
on  cane  insects  have  been  made  wherever  possible  and  many  scattered 
notes  have  been  made,  but  the  personel  has  been  lacking  for  a  com¬ 
prehensive  study  of  this  subject.  The  paper  on  cane  insects  on  an¬ 
other  page  by  Mr.  Smyth  brings  out  many  new  facts  and  serves  as 
an  important  contribution  to  the  subject.  It  is  indeed  remarkable 
that  the  minute  spring  tail,  which  is  so  exceedingly^  common  on  cane 
leaves  and  which  is  responsible  for  so  much  of  the  minute  spotting 
which  is  often  confused  vuth  the  mosaic,  should  never  before  have 
been  recorded  as  a  cane  pest.  This  emphasizes  the  need  for  work  in 
this  interesting  field  aside  from  the  chance  discovery  of  a  carrier  for 
the  mosaic. 

8th.  Cage  Experiment^  wuth  Insects  Suspected  as  Disease 

Carriers. 

Much  painstaking  work  was  done  on  this  topic  both  here  at  the 
Insular  Station  by  Mr.  Smyth  and  at  the  Federal  Station  at  Maya- 
ghez  by  i\Ir.  W.  Y.  Tower.  The  details  of  part  of  this  work  appears 
on  other  pages  of  this  publication.  Very  unexpectedly,  no  results 
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at  all  were  secured  at  jMayagliez  and  the  cases  of  disease  following 
colonization  with  insects  here  were  so  few  as  to  he  within  the  possi¬ 
bility  of  accidental  or  natural  infection.  The  case  therefore  is  not 
proATn.  This,  hoAveyer,  does  not  preclude  the  possibility  that  an  in¬ 
sect  carrier  or  insect  carriers  exist.  In  fact,  this  hypothesis  is  the 
only  one  so  far  suggested  that  aauII  account  for  the  ohseiwed  facts 
in  the  spread  of  the  disease. 

9th.  IMorphological,  Histological  and  Cytological  Studies  op 
Diseased  as  Compared  ayith  Healthy  Cane. 

A  reading  of  the  literature  of  this  disease  is  sufficiently  conyincing 
that  this  subject  is  in  need  of  study.  The  statement  is  found  that 
infected  leaA^es  contain  less  chlorophyll  than  normal  ones,  hut  it  is 
not  clear  Ayhether  this  is  because  less  is  being  elaborated  by  the 
chromatophores,  as  in  etiolation  from  shade,  or  whether  these  bodies 
themseHes  are  lacking.  In  discussing  the  stem  cankers  Steyenson 
says  (Ann.  Eept.  1917,  p.  47)  : 

‘  ‘  Penetration  of  the  tissues  is  never  very  deep,  hardly  more  than  from  one 
to  tvo  millimeteis  at  first,  and  is  often  limited  to  a  feAV  layers  of  cells  only.  The 
affected  tissues  are  red,  but  not  different  in  shade  or  other  characteristics  from 
similar  effects  produced  by  other  causes.  There  are  no  other  internal  symptoms 
except  as  noted  below.  ’  ’ 

In  the  paragraph  to  Avhich  this  last  remark  seems  to  refer  he 
adds : 

‘Hn  addition  to  the  stunting  or  dwarfing  of  the  stools  there  is  a  shrinking 
of  the  internodes  of  the  indhudual  stalks.  This  is  especially  pronounced  in  what 
might  be  determined  third-phase  cases  or  those  in  the  last  stages  of  the  disease. 
Such  stalks  are  almost  completely  lacking  in  juice,  the  limited  amount  of  pith 
tissue  formed  being  of  a  rubbery  consistency.  ’  ’ 

This  practically  completes  our  preAuous  knoAAdedge  of  conditions 
within  the  diseased  plants,  so  that  the  paper  by  ]\Ir.  Llatz  on  another 
page  of  this  issue  constitutes  a  decidedly  iieAV  contribution.  The 
present  AAwiter  has  folloAved  Mr.  Matz’s  work  AAuth  great  interest 
and  has  seen  his  preparations.  AYhile  the  study  is  a  preliminary 
one  and  no  SAveeping  deductions  are  as  yet  to  be  draAvn  from  it,  the 
interesting  fact  remains  that  certain  cells  or  groups  of  cells  in  the 
parenchyma  of  diseased  stalks  are  filled  Avith  a  peculiar  granular 
protoplasmic  substance.  These  plugged  cells  can  be  detected  in  very 
yonng  tissues.  They  may  occur  at  any  point  within  the  center  of 
the  stalk,  and  are  also  found  in  the  leaves  and  leaf  sheaths.  The 
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cankers  are  foriiied  by  the  final  breaking  down  of  these  abnormal 
areas.  A  somewhat  similar  condition  has  occasionally  been  found 
in  injured  discolored  tissues  of  canes  that  were  free  from  the  mosaic 
disease,  but  this  abnormal  condition  can  be  distinguished  from  the 
one  under  discussion.  These  groups  of  abnormally  filled  cells  at 
least  furnish  a  physical  basis  for  the  disease,  and  that  is  something 
which  has  heretofore  been  lacking.  The  appearance  of  the  abnormal 
material  filling  these  cells  is  so  much  like  that  of  a  plasmodium  that 
eager  search  was  made  for  some  indication  of  swarm  spores  or  other 
fruiting  bodies,  but  for  a  long  time  without  result,  the  only  change 
noted  being  that  in  the  older  tissues  the  granular  appearance  of  the 
plasma  became  more  marked  as  though  it  were  becoming  multinu- 
cleate.  At  length  in  an  old  cankered  stalk  that  had  become  partially 
dried  by  lying  two  or  three  weeks  in  the  laboratory  it  was  observed 
that  the  entire  plasmodium  had  broken  up  into  minute,  irregular, 
rod-shaped  bodies,  some  of  which  showed  X  and  Y  forms.  These 
minute  rods  were  motile,  revolving  slowly  on  their  axes  so  that  the 
whole  mass  was  clearly  agitated  but  there  was  little  active  move¬ 
ment  of  translation.  Taken  alone,  these  bodies  would  unciuestionably 
be  called  bacteria,  but  ordinary  bacteria  are  not  formed  from  a  plas- 
modium  that  exists  in  that  form  for  weeks  and  months.  A  similarity 
to  the  parasitic  genus  Plasmodiopliora  among  the  slime  moulds  is 
clearly  suggested,  but  these  motile  bacteria-like  bodies  are  very  dif¬ 
ferent  from  the  regular  globose  spores  of  that  genus.  Perhaps  the 
nearest  parallel  is  furnished  by  the  nodule-forming  organism  of  the 
Leguminosm,  where  the  first  stage  is  a  zoogloea  mass  within  the 
young  root  cells,  but  this  very  early  breaks  up  into  the  irregular 
rods  that  in  shape  and  behavior  closely  resemble  those  of  the  or¬ 
ganism  under  discussion.  For  the  present  it  seems  best  to  withhold 
any  positive  statement  as  to  its  true  systematic  position.  No  causal 
relationship  with  the  mosaic  disease  has  as  yet  been  proAmn,  but  at 
least  the  presence  of  this  peculiar  organism  seems  to  serA^e  as  a  diag 
nostic  character  of  importance  and  one  that  has  heretofore  been 
OAmrlooked. 

10th.  Studies  on  the  Nature  of  the  Disease  and  Search  for  a 

Casual  Organism. 

The  close  relation  of  this  topic  to  the  last  one  is  easily  recognized. 
The  nature  of  the  disease  has  also  been  discussed  in  the  paragraphs 
on  natural  and  artificial  infection  Avhere  Ave  haA^e  seen  how  per¬ 
sistently^  it  has  been  regarded  as  a  degeneration,  bud  Amriation  or 
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abnormality.  Nothing  can  be  more  clearly  proven  than  that  it  is  an 
infection,  so  these  earlier  views  now  have  only  an  historical  interest. 

The  proper  name  to  be  applied  to  this  disease  demands  a  mo¬ 
ment’s  discussion.  The  Dutch  investigators  in  Java  have  called  it 
‘‘Gele  Strepenziekte,  ”  or  as  literally  translated  by  Hawaiian  writers, 
Yellow  Stripe  Disease.”^  This  is  clearly  the  earliest  name  applied 
to  it  in  scientific  literature  and  if  priority  is  insisted  on  it  must  be 
recognized.  Unfortunately,  it  is  misleading  since  in  the  great  ma¬ 
jority  of  cases  no  striping  effect  is  produced.  Stevenson’s  name 
of  ‘^Mottling  disease”  is  much  more  truly  descriptive.  In  its  Spanish 
form,  ‘tylatizado”  it  has  come  to  be  the  universally  recognized  term 
for  it  in  Porto  Kico.  The  present  writer  is  responsible  for  adding 
still  another  name,  ‘^Sngar-Cane  IMosaic”  (Insular  Station  Circnlar 
14:6),  bnt  he  has  alwa3"s  nsed  it  as  a  descriptive  phrase  in  con¬ 
nection  with  one  or  both  of  the  other  names,  intending  by  so  doing 
to  convey  some  idea  of  its  general  nature  and  relationship.  The 
mosaic  diseases  are  an  obscure  class  of  poorty  understood  disorders 
on  which  there  has  come  to  be  a  considerable  literature.  "While  there 
are  well-marked  differences  among  them  they  seem  to  have  much 
in  common.  Whichever  term  we  may  prefer  as  the  specific  name 
of  this  cane  sickness  the  fact  will  remain  that  to  the  best  of  oni 
present  knowledge  it  is  a  mosaic  disease. 

The  real  nature  of  this  class  of  disorders  has  been  the  subject  of 
much  discussion.  Verv  divergent  views  have  been  held  regarding 
them  and  it  must  be  admitted  that  even  at  the  present  day  patholo¬ 
gists  are  hy  no  means  in  full  accord  regarding  them.  A  few  years 
ago  it  was  the  fashion  to  ascribe  them  to  an  abnormal  secretion  of 
enz^mies  produced  in  some  inscrntible  manner  by  a  change  in  the 
internal  functions  of  the  plant.  They  were  considered  functional 
Qiseases.  It  is  easy  to  understand  that  sudden  changes  in  environ 
mental  conditions  might  induce  functional  disorders.  It  is  well 
known,  in  fact,  that  this  is  the  case.  Many  such  invironmental  dis¬ 
eases  are  known  bnt  none  of  them  are  contagions.  No  satisfactory 
explanation  has  ever  been  given  of  how  a  disease  may  be  conveyed 
from  a  sick  plant  to  a  healthy  one  except  by  means  of  living  parasitic 
organisms.  The  advocates  of  the  above  theory  have  therefore  always 
sought  to  minimize  the  evidence  of  infection  and  to  account  for  the 

^Stevenson  even  in  his  latest  paper,  Journ.  Dejyt.  Affric.  of  Porto  Rico,  III  (No.  3), 
July  19,  is  unwilling  to  admit  that  the  identity  of  this  -^Uth  the  Porto  Rican  disease  is 
proven.  The  fact  that  so  many  outbreaks  in  different  parts  of  the  world  can  he  traced 
to  importations  of  Java  seed  cane  together  with  the  internal  evidence  from  the  descrip¬ 
tions  and  ilhistrations  in  the  -lava  literature  leaves  no  possible  doubt  in  the  mind  of  the 
present  writer  that  Lyon  is  absolutely  correct  in  considering  them  as  identical. 
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spread  of  these  diseases  on  the  ground  of  inherited  predisposition  or, 
in  other  words,  by  degeneration  and  abnormal  bud  variation.  As 
we  have  seen  in  the  foregoing  pages,  the  evidence  of  the  infectious¬ 
ness  of  this  cane  disease  is  overwhelming.  It  is  equally  convincing 
in  regard  to  all  of  the  other  mosaics  that  have  been  studied.  Eecently 
this  has  lead  to  the  rather  wide  acceptance  of  the  idea  that  they 
are  caused  by  ultramieroscopic  parasites — the  hypothesis  held  to-day 
by  human  pathologists  to  account  for  contagious  diseases  such  as 
smallpox  and  various  others,  for  which  no  parasites  have  yet  been 
discovered.  It  is  certainly  true  that  no  ordinary  bacteria  or  fungus 
hyphae  can  be  found  in  the  diseased  cane  tissues  except  those  that  are 
clearlj^  secondary  in  very  old  cankers,  and  no  such  organisms  can  be 
cultivated  from  them  by  ordinary  laboratory  methods.  It  can  be 
safely  affirmed  that  the  mosaic  diseases  are  not  caused  by  ordinary 
bacteria  nor  by  filamentous  fungi.  Of  course,  we  know  that  chemical 
atoms  and  molecules  are  far  too  small  to  be  visible  under  the  micro¬ 
scope.  There  is  nothing  impossible  in  the  conception  of  living  bodies 
so  small,  that  like  the  atoms  and  molecules  we  can  only  know  them  by 
their  effects.  On  the  other  hand,  we  may  have  the  alternate  concep¬ 
tion  of  a  naked-celled  amoeboid  parasite  not  so  small  but  so  similar 
in  structure  to  the  other  protoplasmic  contents  of  the  plant  cells  that 
it  has  so  far  escaped  detection.  A  living  virus  seems  to  be  necessary 
in  order  to  account  for  the  spread  of  infectious  diseases.  When  we 
cannot  demonstrate  one  we  are  forced  to  imagine  one.  It  is  not 
yet  proven,  that  the  plasmodiuni-forming  organism  referred  to  under 
the  last  heading  as  having  been  uniformly  found  by  i\Ir.  Matz  in 
mosaic  disease  tissue,  is  the  real  cause  of  the  sugar-cane  mosaic 
though  the  evidence  so  far  points  strongly  in  that  direction.  If 
this  proves  to  be  so  this  will  be  a  case  of  a  different  kind  where  a 
comparatively  large  and  conspicuous  organism  has  been  overlooked 
by  a  long  series  of  pathologists  simply  because  it  is  a  strict  parasite 
of  an  unusual  kind  and  one  that  cannot  be  grown  on  ordinary  culture 
media. 

The  general  symptoms  of  this  disease  have  been  described  so  often 
that  it  seems  unnecessary  to  repeat  them  here.  Mr.  Matz’s  paper 
shows  that  the  lesions  leading  to  the  formation  of  cankers  when 
near  the  surface  of  the  stalk  are  also  deep  seated,  and  on  their  final 
collapse  leave  internal  cavities  which  account  for  the  light  weight 
and  lack  of  juice  in  the  infected  canes.  These  studies  also  show  that 
the  stuffed  parenchyma  cells  that  constitute  the  earlier  stages  of 
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iliese  lesions  can  be  detected  in  the  veiy  young  tissue  of  the  stalk 
and  also  in  the  young  tissues  of  the  leaf  sheaths.  In  many  varieties 
the  more  superficial  ones  may  be  detected  with  a  hand  lense  in  the 
very  young  and  still  soft  internodes.  This  paper  also  shows  that  in 
the  discolored  areas  of  the  leaves  there  is  a  lack  not  onl}"  of  chloro¬ 
phyll  but  of  chloroplasts.  These  points  should  be  added  to  the 
descriptive  diagnosis  of  the  disease.  The  fact  should  also  be  restated. 
■  in  this  connection  that  in  cases  of  recent  infection  the  disease  often 
appears  in  basal  suckers  within  a  few  days  of  its  appearance  in  the 
young  terminal  leaves  although  the  matured  leaves  farther  down 
on  the  stalk  never  develop  the  diseased  symptoms.  This  shows  that 
the  infection  has  really  invaded  the  entire  stalk  and  the  growing 
point  of  all  the  buds  almost  simultaneous^- 

Attention  should  be  more  forcibly  called  to  other  leaf  spottings 
and  discolorations  that  may  be  confused  with  the  mosaic  symptoms. 
In  the  course  of  these  investigations  the  fact  has  developed  that  cane 
foliage  is  often  attacked  even  in  the  unrolled  bud  spindle,  by  great 
numbers  of  several  species  of  minute  insects  and  mites  which  cause 
very  considerable  damage  through  the  minute  spotting  of  the  leaves. 
Singularly  enough,  this  damage  has  escaped  the  attention  of  the 
entomologists  and  some  of  the  species  are  listed  as  cane  insects  for 
tlie  hrst  time  in  IMr.  Smyth’s  paper  on  another  page  of  this  issue. 
Later  these  minute  discolored  specks  often  become  invaded  and  en¬ 
larged  by  one  or  another  facultative  fungus  parasite.  We  have  a 
considerable  literature  on  cane  leaf  spots  as  caused  by  fungi  but 
there  is  little  in  print  to  show  that  in  practically  all  cases  the  in- 
7  citing  cause  of  the  spotting  was  the  puncture  of  some  minute  insect. 
This  however  is  the  fact.  In  the  later  stages  when  invaded  by  fungi 
these  leaf  spots  are  sufficiently  different  from  mosaic  and  there  is 
no  danger  of  confusing  them.  ]\Iany  times,  however,  especially  in 
old  fields  where  the  foliage  is  yellowish  from  root  disease  and  bad. 
cultivation,  this  minute  insect  spotting  on  the  young  unrolling  leaves 
is  sufficiently  like  the  first  indications  of  incipient  mosaic  infection 
to  ])G  very  confusing.  The  mosaic  disease,  if  present,  however,  very 
soon  shows  itself  unmistakably  and  there  is  seldom  any  practical 
difficulty  in  distinguishing  it.  In  examinations  to  determine  the 
presence  of  mosaic  disease  attention  should  always  be  given  to  the 
vGungest  leaves,  and  especially  to  those  not  fully  unrolled. 

Ill  ad  of  his  writings  on  the  subject  Stevenson  lias  insisted  on 
a  three-year  phase  for  this  disease  and  he  only  describes  the  cankers 
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as  oecTiiTing  in  the  third  or  final  stage.  The  present  writer  has  been 
nnable  to  confirm  this  view.  The  response  of  different  varieties  when 
attacked  by  the  disease  is  so  different  that  no  general  statement  of 
this  kind  is  possible.  For  instance,  in  the  Santa  Kita  immunity  ex¬ 
periment  the  Yellow  Caledonia  variety  which  was  attacked  by  second¬ 
ary  infection  soon  after  germination,  developed  serious  stem  cankers 
within  six  montlis  and  a  number  of  the  attacked  stools  were  actually 
killed  before  the  final  inspection  at  the  end  of  ten  montlis.  This 
v.'as  an  extreme  case  but  it  is  only  one  of  many  that  show  that  the 
tliree-year  phase  idea  is  untenable.  There  is,  however,  usually  a 
well-marked  difference  in  the  effect  on  the  plant  between  primary 
infection  from  a  diseased  seed  piece  or  diseased  stubble  and  cases 
arising  from  secondary  infection.  In  the  former  eases,  except  with 
the  very  resistant  kinds  like  Java  36  (P.  0.  J.).  which  are  scarcely 
affected  by  the  presence  of  the  disease,  there  is  a  pronounced  dwarf¬ 
ing  and  all  of  the  leaves  on  all  of  the  shoots  are  equally  affected. 
In  secondary  cases  there  is  at  first  but  little  dwarfing  and  only  one 
or  a  few  of  the  stalks  in  the  stool  are  involved.  It  is  true  that  the 
course  of  an  invasion  by  the  disease  has  often  resulted  in  what 
amounts  to  a  three-year  phase.  In  the  first  year  a  few  scattered 
cases  have  appeared,  perhaps  by  secondary  infection  but  only  too 
often  from  the  criminally  careless  use  of  infected  seed  for  replanting 
previously  healthy  ratoons.  By  the  second  year  these  eases  have 
spread  cpiite  widely  by  secondary  infection,  but  being  secondary 
cases  with  a  semiresistant  variety  like  Payada  the  damage  has  b.een 
comparatively  slight.  This  would  correspond  to  Stevenson’s  sec¬ 
ondary  phase.  The  following  year  with  a  considerable  percentage 
of  cases  from  diseased  stubble  the  dwarfing  effect  would  be  much 
more  obvious  and  losses  of  vreight  from  cankered  stalks  would  be 
mucli  greater.  AYitii  susceptible  varieties  like  Otaheite.  Cavengerie 
and  Caledonia,  this  may  end  -the  productive  life  of  the  field,  but  as 
seen  on  page  9,  fields  of  Rayada  are  known  that  though  fully 
diseased  for  years  at  the  fifth  cutting  gave  as  high  as  20  tons  of 
cane  per  acre  in  response  to  better  cultivation  and  fertilization. 
That  many  diseased  fields  became  valueless  after  the  third  year  is 
freely  admitted,  but  that  the  disease  presents  any  approach  to  a 
three-year  cycle  must  be  strenuously  denied. 

11th.  Chemical  Studies  of  Diseased  as  Compared  with  Healthy 

Cane. 

The  papers  by  director  Colon  and  by  IMr.  Lopez  on  ofheT  pages 
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of  this  issue  are  contributions  to  this  subject.  'While  the  investiga¬ 
tions  have  so  far  only  been  of  a  priliminary  nature,  they  show  no 
very  striking  chemical  changes  as  a  result  of  the  presence  of  the 
disease.  The  earlier  published  statement  that  the  diseased  cane  was 
very  obiectionable  in  the  mill  can  refer  only  to  those  extreme  cases 
where  the  cane  became  badly  cracked.  It  seriously  affects  the  quan¬ 
tity  of  the  juice  rather  than  its  quality.  Very  much  more  than  half 
of  the  cane  ground  this  last  year  at  all  of  the  mills  from  Arecibo  west¬ 
ward  was  diseased.  The  statistical  report  on  sugar  manufacture  in 
Porto  Eico  issued  by  the  Department  of  Finance  gives  for  the  1919 
'-crop  not  only  the  tons  of  sugar  produced  at  each  of  the  mills  but 
the  number  of  tons  of  cane  ground.  By  averaging  these  figures  for 
eight  of  the  mills  in  the  worst  infected  district  we  find  that  it  re¬ 
quired  9.88  tons  of  cane  to  produce  a  ton  of  sugar.  At  five  repre¬ 
sentative  mills  from  the  eastern  district  where  there  was  little  or 
no  disease  the  average  was  9.32  tons  of  cane  to  the  ton  of  sugar.  So 
small  a  difference  as  this  could  easily  be  accounted  for  by  differences 
in  mill  eciuipment  and  extraction  or  by  weather  conditions  in  dif¬ 
ferent  parts  of  the  Island. 

12th.  Soil  Studies;  Effects  ox  the  Disease  of  Different  Soils, 
Soil  Sterilization.  Special  Fertilizers.  Topical  Applications. 

But  little  has  been  done  under  this  heading.  Field  observations 
in  all  parts  of  the  Island  demonstrate  that  soil  conditions  have 
nothing  to  do  with  the  spread  of  the  disease.  It  is  to  be  found  on 
all  types  of  soil  on  which  cane  is  planted.  Emphaticalh"  it  is  not 
a  soil  disease.  On  the  other  hand,  good  soils,  abundant  nitrogenous 
fertilizers  and  good  cultivation  while  they  will  not  ward  off  the  dis¬ 
ease  will  increase  yields  of  cane  that  has  become  diseased.  Many 
planters  believe  that  liming  the  soil  has  some  effect  in  preventing 
the  disease.  So  far  we  have  no  exact  facts  in  support  of  this  theory. 

An  experiment  was  planted  with  the  kind  cooperation  of  Rus¬ 
sel  &  Co.  to  test  the  effect  of  lime  and  sulfate  of  iron  in  combination 
with  different  fertilizers  as  follows: 

Plot  1  at  rate  of  400  pounds  tankage  per  acre. 

Plot  2  at  rate  of  800  pounds  tankage  per  acre. 

Plot  3  at  rate  of  1,200  pounds  tankage  per  acre. 

Plot  4  cheek,  no  fertilizer. 

Plot  5  at  rate  of  800  pounds  tankage  and  400  pounds  sulfate  of  potash. 

Plot  6  at  rate  of  800  pounds  tankage  and  400  pounds  sulfate  of  anionia. 

Plot  7  at  rate  of  800  pounds  tankage  and  800  pounds  acid  phosphate. 
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These  plots  were  cross  divided  bv  three  bands  one  of  which  re¬ 
ceived  at  rate  of  4  tons  of  lime  per  acre,  one  500  lbs.  iron  sulfate 
and  the  other  no  application.  The  intention  was  to  have  these  plots 
planted  with  diseased  Rayada  seed  cane.  By  some  accident  the  seed 
selected  was  only  about  half  diseased  so  that  the  cane  came  np  very 
irregularly  infected.  The  soil,  too,  developed  unexpected  irregulari¬ 
ties  in  fertility  before  the  fertilizers  were  applied.  It  is  not  expected, 
therefore,  that  this  experiment  will  give  conclusive  results.  At  this 
writing  it  can  only  be  said  that  the  heavx-  applications  of  fertilizer 
have  given  a  very  heavy  gi’owth,  but  no  very  specific  results  can  be 
noted  from  the  different  treatments.  These  plots  will  be  cut  and 
weighed  when  fully  mature.^ 

13th.  Relationship  with  Other  Simhar  Diseases — A  Compara¬ 
tive  Stlht  of  the  Mosaic  Diseases. 

Nothing  has  been  done  under  this  topic. 

1  A  later  inspection  indicates  a  deleterions  effect  from  the  snJfate  of  iron  and  no  appre¬ 
ciable  effect  from  the  Hme. 


THE  MOTTLING  DISEASE  OF  CANE  AND  THE  SUGAR 
PRODUCTION  OF  PORTO  RICO. 


By  0.  A.  Figueroa. 

Since  the  year  1915  the  cane  growers  of  Porto  Rico  have  been 
complaining  that  the  sugar  production  of  the  Island  has  been  diminish¬ 
ing  with  every  succeeding  crop.  About  the  same  time  it  wms  noticed 
that  the  fields  were  taking  a  yellowish  color,  the  growth  seemed  to  be 
handicapped,  the  stems  were  beginning  to  shrink  and  crack,  and 
finally  that  the  cane  production  per  acre  was  getting  to  be  less  and 
less.  To  the  disease  presenting  these  sjnnptoms  was  given  the  name 
of  ‘hnatizado”  or  mottling  disease. 

A  great  many  efforts  have  been  made  to  control  this  disease,  but 

so  far  they  have  proved  to  be  of  little  value.  To-day  every  cane¬ 

growing  section  of  the  Island  is  more  or  less  infected. 

About  a  year  ago  the  students  of  the  disease  stated  that  the  in¬ 
fection  was  ^Amry  general  in  the  cane  fields  to  the  west  of  a  line 

dravm  from  Bayamon  on  the  north  coast  down  to  Gnanica  on  the 
south  coast.”  Only  isolated  cases  were  found  to  the  east  of  this  line. 
The  progress  of  the  disease  since  then  is  best  shown  by  the  following 
letter : 

‘‘My  Dear  Mr.  Figueroa: 

‘  ‘  In  reply  to  yours  of  September  8,  inquiring  about  the  present  extent  of 
infection  ivitli  matizado  in  the  different  cane-growing  districts,  I  would  say  as 
follows : 

'‘From  Bayamon  to  Barceloueta  on  the  north  coast  infection  is  as  yet  only 
partial,  but  the  disease  is  sufficiently  abundant  to  constitute  a  commercial  factor 
of  importance.  Your  investigation  will  probably  show  some  effect  of  the  disease 
in  lessening  production  in  this  district.  As  a  rule  the  hill  lands  are  more  heavily 
infested  than  the  vegas. 

"From  Arecibo  to  Central  Coloso  on  the  west  coast  the  per  cent  of  infec¬ 
tion  is  considerably  heavier  than  in  this  first  district,  but  it  is  not  total  in  all 
the  fields,  especially  near  the  coast.  Back  in  the  hills  the  infection  is  very  severe 
and  very  many  hill  fields  have  been  abandoned. 

"From  Eincon  around  the  west  coast  to  San  German  the  infection  may  be 
considered  as  total.  Many  of  the  fields  are  actually  100  per  cent  infested  and 
very  many  over  90  per  cent  infested.  It  is  doubtful  if  any  field  can  be  found 
that  is  not  more  than  50  per  cent  infested. 

"From  San  German  to  Penuelas  the  infection  is  very  general  and  is  now 
spreading  more  rapidly  than  in  any  other  part  of  the  Island.  It  is  not  yet,  how¬ 
ever,  as  complete  as  in  the  western  district. 
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‘^At  Central  Mereedita  near  Ponce  and  in  the  fields  about  Juana  Diaz  there 
is  considerable  infection,  but  in  the  remainder  of  the  south  coast  from  Ponce  to 
Patillas  u-hile  the  infection  occurs  locally  at  many  j)laees  there  is  as  yet  too  little 
to  be  a  commercial  factor. 

‘  ‘  The  same  can  be  said  of  the  entire  east  coast,  though  local  outbreaks  have 
occurred  at  Xaguabo  and  Fajardo. 

‘  ‘  Cayey  is  heavily  infested. 

‘‘The  district  from  Caguas  to  Juncos  is  partially  infested  but  not  sutficiently 
as  yet  to  affect  total  yields  very  seriously. 

“There  is  also  a  local  outbreak  at  Trujillo  Alto  which  extends  to  the  neigh¬ 
borhood  of  Carolina. 

‘  ‘  The  above  data,  in  connection  with  the  other  statistics  you  have  gathered, 
should  show  quite  conclusively  the  actual  losses  due  to  the  iimtizado.  I  shall  be 
very  much  interested  to  see  your  conclusions. 

“Yours  truly, 

“(Signed)  F.  S.  Earle, 

^‘Expert  in  Cane  Diseases.” 

The  statistics  that  Professor  Earle  alludes  to  may  he  found  in 
table  form  on  page  40. 

It  will  be  noticed  that  the  cane-growing  zone  of  the  Island  has 
been  divided  according  to  Professor  Earle’s  letter.  A  glance  at  the 
statistics  will  show  that  where  the  infection  is  most  intense  the  sugar 
production  has  diminished  most  heavily. 

The  first  section,  which  Professor  Earle  calls  partially  infested, 
(first  zone)  increased  its  acreage  by  over  4,400  cuerdas  in  1918, 
nevertheless  its  sugar  production  was  diminished  by  2,850.31  tons. 
This  figure  represents  4%  per  cent  of  the  1917  crop  for  the  zone. 
The  following  year  the  acreage  was  diminished  by  over  450  cuerdas 
and  then  the  loss  of  sugar  goes  up  to  about  18.3  per  cent  of  the  1917 
crop.  It  will  also  be  seen  that  there  is  no  proportion  between  the 
fiuetuations  in  acreage  as  compared  with  the  sugar  output. 

In  the  section  from  Arecibo  to  San  Sebastian  the  infection  is 
still  greater  than  in  the  preceding  one.  Of  this  section  Dr.  Blouin 
of  Louisiana  says  the  following: 

“In  the  district  between  San  Pedro  and  Mayagiiez,  particularly  in  the  Aie- 
cibo  district,  the  damage  has  been  very  extensive.  I  visited  three  or  four  planta¬ 
tions  in  that  district  and  the  damage  amounted  to  40  per  cent  of  the  crop.  ’  ’ 
—  {La.  Planter  and  Sugar  Manufacturer,  Oct.  18,  1919.) 

The  statistics  show  that  this  section  has  seen  its  sugar  production 
reduced  by  about  40  per  cent  in  two  years. 

The  section  from  Rincon  to  Lajas  offers  a  conclusive  proof  of 
the  extent  to  which  this  disease  interferes  with  production.  In  one 
year  the  sugar  output  is  cut  down  to  67.6  per  cent  of  the  normal 
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and  the  next  year  it  goes  further  down  to  nearly  60  per  cent.  This 
clearly  sliou’s  the  rapid  progress  of  the  disease  in  one  year. 

This  has  been  partly  due  to  the  fact  that  seed  has  been  Yery  scarce 
in  that  section  and  lots  of  diseased  seed  have  been  used.  These  could 
he  bought  at  very  low  prices.  The  wuuter  in  his  report  on  a  trip 
tliroughout  this  section  was  informed  of  this  fact: 

‘‘The  fact  that  cane  seed  (cuttings)  are  being  sold  at  a  very  low  price  in 
the  San  German  valley  induced  me  to  look  into  the  matter  somewhat  carefully. 
After  some  investigation  I  found  healthy  seed  was  exceedingly  scarce  in  that  sec¬ 
tion  and  this  led  many  planters  to  use  diseased  seed  which  they  can  get  at  very 
low  prices,  thus  helping  to  spread  the  disease  in  the  most  efhcient  manner.  Lots 
of  these  diseased  seed  have  been  sold  to  the  planters  at  Sabana  Grande.  ’  ’ 

The  section  from  Sabana  Grande  to  Penuelas  has  lost  consider¬ 
ably.  In  this  district,  as  in  the  first  one  here  discussed,  the  infection 
has  increased  very  rapidly  and  the  losses  in  sugar  have  also  increased 
accordingly. 

In  the  south  and  east  coasts  of  the  Island  the  disease  is  only 
beginning  to  show.  Losses  here  are  greatly  due  to  the  lack  of  rain¬ 
fall. 

All.  students  of  this  disease  agree  that  its  attacks  are  more  severe 
in  the  hill  plantings  than  in  the  lowlands  of  the  coast.  The  Cayey 
and  Adjuntas  section  prove  this  conclusively. 

^^The  disease  reduces  the  tonnage  and  therefore  also  reduces  the 
production  of  sugar  per  acre.”  This  statement  was  made  by  the 
director  of  the  Insular  Experiment  Station  in  his  Circular  No.  14, 
and  to  back  up  his  utterance  he  mentions  the  following  experiences: 

A  Java  experiment  gave  these  results: 

Healthy  cane,  21.23  tons  per  acre,  first  crop. 

^lottled  cane,  18.20  tons  per  acre,  first  crop. 


Results  of  a  Hawaiian  Experiment. 


Tonnage  of  3 

Estimated 

: 

Xo.  of  canes 

Average 

'  To’^s  of  sn.gar 

rows  SO  feet 

tonnage  per  ; 

weight  per 

j  per  acre 

long 

acre  ' 

cane  ( lbs.) 

Healthv  cane . 

2.786 

101.13  1 

835  , 

9.27 

1 

1  14.98 

Mottled  cane . 

1.5495  , 

56.24  1 
1 

1  623  1 

1  1 

8.01 

!  8.43 

OTHER  CONDITIONS  AFFECTING  THE  SUGAR  PRODUCTION. 

This  work  will  not  be  complete  if  it  does  not  contain  a  brief  dis¬ 
cussion  of  all  factors  that  may  have  had  some  influence  on  the  sugar 
production.  The  writer  does  not  pretend  to  assume  that  every  pound 
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of  sugar  lost  has  been  due  to  this  disease.  Though  he  firmly  believes 
that  the  hulk  of  the  loss  is  the  result  of  the  matizado,  there  are  other 
causes  to  he  taken  into  consideration. 


RAINFATA. 

The  rainfall  records  available  are  not  complete  and  for  this 
reason  they  do  not  appear  in  this  work.  However,  it  is  a  well-known 
fact  that  the  severe  drouths  that  have  occurred  in  different  sections 
of  the  Island,  particularly  in  the  south  coast  and  in  the  Arecibo- 
Aguadilla  section,  have  contributed  to  lower  production.  Further¬ 
more,  the  scanty  amount  of  rainfall  in  certain  sections  like  the 
eastern  coast  have  come  just  at  the  wrong  time. 

But  even  so,  it  is  not  reasonable  to  blame  the  lack  of  rainfall 
for  the  whole  trouble.  The  precipitation  records  that  are  complete 
show  that  there  is  no  uniform  relation  between  production  and 
rainfall. 

MANURES. 

The  following  table  ^  shows  the  importation  of  commercial  ma¬ 
nures  by  the  district  of  Porto  Rico  during  the  last  three  years: 


Year.  Tons.  Value. 

1915- 16 _  39,  702  $1,  735,  391 

1916- 17 _  4.5,  769  2,  827,  796 

1917- 18 _  40,811  2,929,726 


This  table  shows  that  in  the  year  1917-18  the  imports  were  cut 
down  by  5,000  tons.  It  also  shows  that  the  cost  of  commercial  ma¬ 
nures  has  gone  beyond  the  reach  of  the  small  cane  grower. 

But  if  the  small  planter  has  not  used  as  much  commercial  manure 
as  before  the  war,  he  has  used  more  stable  manure,  guano,  etc.  More¬ 
over,  the  manure-mixing  plants  of  the  Island  have  increased  their 
capacity  to  a  considerable  extent,  and  consequently  lots  of  manurial 
ingredients  have  been  imported.  It  is  very  probable  that  all  of  these 
ingredients  have  not  been  imported  under  the  head  “Manures”  or 
“Fertilizers”  hut  as  “Chemical  Products.”  The  enormous  increase 
of  importations  under  this  heading  appears  to  confirm  this  belief. 

On  the  other  hand,  these  5,000  tons  that  were  not  imported  last 
year  are  largely  potash.  All  commercial  manure  users  have  missed 
this  ingredient  in  their  manures.  This  has  led  them  to  believe  that 
lack  of  potash  is  to  be  blamed  for  the  deficit  in  the  sugar  production. 

However,  manurial  experiments  on  record  in  Porto  Rico  as  far 


1  Customs  House  records. 
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back  as  1910  have  failed  to  show  the  economic  advantage  of  the  use 
of  potash  as  a  fertilizer  in  cane  cultivation.  Professor  Earle  says 
in  connection  with  the  use  of  potash : 

“Potash  should  not  be  taken  into  consideration  for  its  need  is  not  so  essen¬ 
tial.  Experiments  uith  cane  in  Porto  Rico  show  that  the  use  of  potash  in  these 
soils  is  of  no  such  a  great  need.  The  demand  for  potash  as  a  manure  is  one  of 
the  things  ‘Made  in  Germany.’  Its  use  has  been  extended  by  means  of  the  act¬ 
ive  propaganda  of  the  ‘German  Kali  Works.’  For  a  good  many  years  previous 
to  the  war  this  firm  has  been  paying  specialists  in  almost  every  agricultural  coun¬ 
try,  whose  business  it  was  to  work  in  favor  of  the  potash.”  (Circ.  No.  17,  Ins. 
Exp.  Sta.,  Recomendaciones  sobre  el  Cultivo  de  la  Cana  en  Puerto  Rico.) 

TILLAGE  AND  CULTIVATION. 

All  those  interested  in  agriculture  in  Porto  Rico  agree  in  that 
our  methods  of  tillage  and  cultivation  are  rapidly  and  constantly 
improving.  A  trip  through  the  cane  section  will  convince  anybody 
of  this  fact.  Soils  are  better  prepared;  more  attention  is  paid  to 
inanurial  and  cultivation  problems ;  seed  selection  is  beginning  to 
be  popular ;  the  sight  of  implements  such  as  the  tractor,  the  harrow, 
the  disc  plow  and  others  is  familiar  now-a-days;  and  in  short,  the 
sugar  men  are  beginning  to  realize  that  sugar  cannot  be  made  in 
the  factories  if  proper  attention  is  not  paid  to  the  agricultural  end 
of  the  sugar  business. 

Comparing  the  acreage  Avith  production  for  the  last  three  years 
Ave  liaA^e — 


A'ear 

1  1 

Cane  acreage 
!  Cue  I'd  ns  \ 

1  ! 

Total  sugar 
output 
Tons 

Tons  of  sugar 
l>er  acre 

Per  cent 
decrease 

1917 . 

1  1 
.  -WA.lOfi 

.503,081.18 

2  J1  ' 

1918  . 

1919  . 

.  AoG.i:!! 

4.A3.975.50 

406,000.00 

1.77 

1.70 

9.7 
19  0 

1  From  Bureau  of  Property  Taxes  and  Report  of  the  Treasurer. 


This  means  that,  taking  the  crop  of  1917  as  a  basis  for  calcula¬ 
tion,  Porto  Rico  has  lost  146,186.81  tons  of  sugar  in  tAAm  years.  This 
is  about  ecjual  to  30  per  cent  of  its  normal  production  for  one  season. 
The  figure  is  large  enough  to  command  some  attention. 


COMPARATIVE  STATISTICS  OF  THE  CANE  ACREAGE  AND  AMOUNT  OF  SUGAR  MANUFACTURED  IN  PORTO  RICO 

IN  THE  CROPS  FROM  1917  TO  1919.^ 
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THE  ABSORPTION  SPECTRUM  OF  THE  CHLOROPHYLL  IN 
YELLOW-STRIPED  SUGAR-CANE. 


By  E.  D.  Colon. 

Yellow  stripe  of  sugar-cane  is  essentially  characterized  by  the 
mosaic  effect  produced  in  the  chlorophyll-hearing  tissues,  and  more 
especially  in  the  leaf  blades,  by  the  unequal  intensity  of  the  green 
color  in  those  tissues.  This  unevenness  in  intensity  is  exhibited  in 
areas  whose  size  and  pattern  vary  under  different  conditions.  It 
ranges  from  deep  green  through  shades  of  green,  to  almost  white, 
and  postulates  a  diminution  in  the  amount  of  chlorophyll  present 
in  the  lighter  green  areas  and  its  almost  total  absence  in  the  almost 
white  areas. 

In  only  two  general  ways  could  the  disappearance  of  the  pig¬ 
ment  primal ily  be  brought  about:  (1)  By  alterations  involving  the 
chlorophyll  itself;  (2)  by  alterations  involving  the  chlorophyll-bear¬ 
ing  bodies,  the  chloroplasts.  The  fact  that  red  canes  are  also  decolor¬ 
ized  by  the  disease  and,  furthermore,  that  the  young,  uncolored 
internodes  of  certain  varieties  frequently  exhibit  faint  purplish-red 
stripes  when  diseased,  suggested  an  investigation  of  the  possibility 
of  the  first  alternative — i.  e.,  a  general  derangement  of  the  chromo- 
genie  function  in  yelow-striped  canes.  Y'idbrink  and  Ledeboer  ^ 
remark  in  this  connection  that  in  some  leaves  of  young  plants  of  the 
variety  G.  Z.-2I7  so  much  red  coloring  matter  is  formed  under  the 
influence  of  the  disease  that  the  blades  take  on  a  light  chocolate  tint 
against  which  the  yellowish  stripes  and  spots  stand  out.  They  fur¬ 
ther  state  that  the  cause  of  the  striping  in  the  stems  is  not  due  to 
the  same  cause  in  all  varieties  of  sugar-cane  and  that  in  the  varieties 
G.  Z.-ICO,  217,  1639,  161,  Yellow  Bat  jam  and  many  others  the  strip¬ 
ing  is  due  to  the  formation  of  anthocyanin. 

Anthocyanin,  carotin  and  xanthophyll,  as  well  as  many  of  the 
decompositicn  products  of  chlorophyll,  are  known  to  have  charac¬ 
teristic  absorption  spectra.  Prima  facie,  therefore,  there  appeared 
to  be  a  strong  possibility  of  any  such  wholesale  modification  of  the 
normal  chromogenic  condition  of  the  cane  being  detected  by  com¬ 
parative  spectroscopic  examination  of  the  extracted  chlorophyll  from 
both  healthy  and  diseased  leaves. 

1  Xuuibers  in  parenthesis  refer  to  literature  cited  in  bibliography  appended. 
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Only  newly  attacked  leaves  were  used.  They  were  for  a  short 
time  and  separately  extracted  with  ethyl  alcohol  after  initial  heating 
to  boiling.  Deep  green,  fluorescing  solutions  were  obtained  of  each 
and  their  concentration  equalized  by  comparative  examination  in  the 
colorimeter.  The  spectroscopic  examination  of  the  ethyl  chlorophyh 
lide  in  solution  was  in  all  cases  made  through  a  %  millimeter  aper¬ 
ture  of  the  jaws  of  the  slit.  Electric  light  was  used  for  the  illumina¬ 
tion,  the  temperature  of  the  air  surrounding  the  globe  next  to  the 
slit  being  from  30  to  35  degrees  centigrade.  The  dilutions  and 
thicknesses  of  solution  examined  will  be  seen  in  diagrams  given 
below  of  the  absorption  spectrum  repeatedly  obtained. 
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Fig.  I. — Absorption  spectrum  repeatedly  obtained  by  spectroscopic  examination  of 
young  normal  and  yellow-striped  sugar-cane  leaves.  The  thickness  of  the  layer 
employed  is  shown  at  the  left  in  millimeters;  the  conventional  letters  of  the 
Fraunhofer  lines  are  at  the  top,  so  also  the  initials  of  the  spectral  colors,  the 
spectroscope  scale  and  the  Roman  numbers  for  the  absorption  bands.  Aperture 
of  the  slit  about  one-half  mm.;  air  temperature,  30°-35°  C. 


It  will  be  apparent  after  glancing  over  the  diagram  that  different 
dilutions  and  thicknesses  of  the  chlorophyll  solutions  had  to  be  ex¬ 
amined  before  all  the  absortion  bands  could  be  made  out.  The  ab¬ 
sorption  area  in  the  more  refrangible  portion  of  the  spectrum  (in¬ 
cluding  bands  I,  II,  III)  as  well  as  that  in  the  less  refrangible 
portion  (including  bands  V,  VI)  were  present  in  all  cases,  their  ex- 
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tension  and  distinctness  depending  on  the  conditions  of  examination. 
Band  IV  in  the  middle  portion  of  the  spectrum  appeared  to  be  the 
faintest  of  all,  it  having  been  distinctly  brought  out  only  in  the 
most  concentrated  solution  and  when  examined  through  the  second 
greatest  thickness  employed  (20  millimeters).  The  resolution  of 
absorption  area  I,  II,  III  into  its  three  hands  was  brought  about 
by  examination  of  smaller  thicknesses  of  solution  (10  millimeters  and 
5  millimeters)  ;  that  of  absorption  area  V,  VI  by  dilution  combined 
v:ith  a  larger  thickness  (25  millimeters). 

It  seems  worth  noting  that  band  IV  has  been  reported  above  as 
a  faint  band,  the  faintest  of  all,  not  as  a  dark  one  as  represented  in 
many  discussions  on  the  chlorophyll  spectrum.  In  regard  to  this 
matter  Dr.  Edward  Schunck  states  (2)  :  “It  should  be  mentioned 
that  some  of  the  absorption  spectra  figured  in  memoirs  on  chloro¬ 
phyll  really  belong  to  the  derivatives  of  the  latter.  AVhenever  in 
such  figures  band  IV  appears  rather  dark  and  is  followed  by  another 
dark  band  nearer  the  blue  end,  we  may  conclude  that  the  observer 
has  worked  with  a  specimen  of  chlorophyll  that  has  undergone  some 
change.”  The  dark  band  nearer  the  blue  end  to  which  he  refers 
has  not  been  reported  here  as  a  distinct  band,  because  although  the 
absorption  area  V,  VI  may  extend  to  that  portion  of  the  spectrum, 
we  have  not,  nevertheless,  been  able  to  make  it  out  as  a  separate 
band  on  further  dilution  as  has  been  the  case  with  bands  V  and  VI. 
This  has  reduced  to  only  six  the  total  number  of  absorption  bands 
reported  here  for  chlorophyll  in  ethyl  alcohol.  Schunck  (2),  Allen 
(31,  Palladin  (4)  and  Pierce  (5)  report  this  number  as  six.  Green 
(6),  Goodale  (7),  Vines  (8),  Carracido  (9)  and  AYillstatter  (10 1 
report  seven,  dost  (11),  reports  a  total  of  six,  three  before  F  and 
three  beyond  F,  considering  band  IV  before  E  as  due  not  to  chloro¬ 
phyll  but  to  a  decomposition  product  of  chlorophyll. 

The  absorption  spectrum  obtained  for  chlorophyll  can  thus  be 
seen  to  have  been  fairly  typical. 

Now,  the  absorption  spectra  obtained  for  the  alcoholic  (ethyl) 
solution  of  chlorophyll  from  newly  yellow-striped  young  leaves  did 
not  in  our  tests  and  under  the  same  conditions  exhibit  any  difference 
from  the  absorption  spectra  obtained  for  the  alcoholic  (ethyl)  solu¬ 
tion  of  healthy  young  leaves. 

The  four  bands  as  figured  in  the  diagram  in  the  more  refrangible 
portion  of  the  spectrum  are  specially  characteristic  of  chlorophyll. 
They  constitute  a  certain  test  for  this  substance;  so  much  so  that 
Schunck  (2),  referring  to  the  fact,  says  that  chlorophyll  “may  ac- 
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cordiiigly  be  defined  as  the  substance  which  in  solution  shows  this 
particnlar  absorption  spectrum,  ” 

Should  there  have  occurred  any  decomposition  of  the  chlorophyll 
in  the  diseased  leaves,  the  absorption  spectra  obtained  from  the 
examination  of  the  alcoholic  solution  of  their  chlorophyll  would  not 
have,  in  the  first  place,,  been  identical  with  the  absorption  spectra 
similarly  obtained  from  healthy  leaves.  New  bands  or  a  modification 
of  the  old  bands  would  in  all  probabilities  have  been  noted,  since 
other  cane  pigments  and  many  decomposition  products  of  chlorophyll 
are  known  to  have  characteristic  absorption  spectra.  The  fact  that 
the  decomposition  of  the  chlorophyll  would,  in  the  case  of  the  sugar¬ 
cane,  have  developed  in  an  acid  medium  would  have  defined  all  the 
more  the  changes  to  be  expected  since  the  acid  decomposition  products 
of  chlorophyll  are  fairly  well  known. 

Although  the  tests  above  described  were  not  as  numerous  nor 
performed  with  as  many  solvents  as  might  have  been  desirable,  they 
warrant  the  belief  that  the  disappearance  of  the  pigment  in  yellow 
stripe  is  not  primarily  due  to  a  decomposition  of  the  chlorophyll 
as  such. 

(To  he  continued..) 
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HAS  “YELLOW  STRIPE”  OR  “MOTTLING”  DISEASE  ANY 

EFFECT  ON  THE  SUGAR  CONTENT  OF  CANE  JUICE? 

By  F.  A.  Lopez  Dominguez,  Chief,  Division  of  Chemistry, 

Very  early  in  the  investigation  of  this  disease  the  question  arose 
as  to  its  effect  on  the  sugar  content  and  purity  of  the  juices  of  canes 
affected  by  it.  From  some  quarters  the  claim  was  made  that  con¬ 
siderable  inversion  occurred  in  the  juices  of  diseased  canes  and  that 
consequent!}"  there  was  a  great  loss  cf  sucrose  and  that  much  trouble 
ensued  in  the  process  of  manufacture,  especially  at  the  crystallizing 
pans  and  at  the  centrifuges.  An  investigation  of  the  point  raised 
was  therefore  necessary.  An  attempt  was  made  to  find  literature 
containing  data  that  would  bear  on  the  cpiestion  but  with  no  prac¬ 
tical  results.  Only  two  references  to  the  subject  could  be  found: 
One  in  The  Hawaiian  Planter’s  Record,  Vol.  X,  No.  5,  page  321, 
where  two  analyses  are  given,  one  of  healthy  and  the  other  of  dis¬ 
eased  canes,  in  which  both  samples  show  practically  the  same  sugar 
content,  while  the  diseased  canes  show  a  higher  purity;  the  other  is 
a  general  statement  in  the  report  on  the  disease  by  Gr.  Wilbrink  and 
F.  Ledeboer  of  the  Java  Experiment  Station,  to  the  eff'ect  that  canes 
from  diseased  seeds  produced,  in  their  experiments,  an  average  of 
17  per  cent  less  sugar  than  canes  from  healthy  seeds.  There  is  no 
indication,  however,  to  show  Avhether  this  loss  was  due  to  a  reduction 
in  the  sugar  content  of  the  canes  or  to  a  decrease  in  tonnage.  It  was 
necessary,  therefore,  to  plan  for  an  investigation  of  the  subject. 

Some  preliminary  work  had  been  done,  but  of  very  little  value, 
so  far  as  a  definite  conclusion  on  the  subject  was  concerned.  Some 
samples  had  been  submitted  to  this  division  for  analysis  by  Mr.  J.  A. 
Stevenson,  then  pathologist  at  this  Station,  in  July  and  November 
of  1917.  Mr.  E.  D.  Colon,  at  that  time  working  on  the  disease  for 
the  Division  of  Pathology  had  performed  a  number  of  analyses  on 
healthy  and  diseased  canes,  and  in  a  number  of  instances  samples 
had  been  sent  from  plantations  to  have  comparative  tests  made.  The 
results  of  the  samples  submitted  by  Mr.  Stevenson  have  been  already 
published  in  The  Journal  oe  the  Department  of  Agriculture  of 
Porto  Rico,  Vol.  IV,  No.  1,  for  July  1919,  pages  42  and  44,  to  which 
the  reader  is  referred  for  details.  Taken  as  a  whole,  these  analyses 
did  not  lead  to  any  practical  conclusion,  as  no  definite  tendency  was 


47 


48 


JOUEXAL  OF  THE  DEPARTMEXT  OF  AGEICrLTFRE. 


manifest,  and  the  variations  would  occur  in  all  possible  directions, 
regardless  of  the  pathological  condition  of  the  plant. 

A  plan  for  a  series  of  systematic  analyses  of  healthy  and  diseased 
canes,  that  would  eliminate  as  far  as  possible  the  variations  due  to 
the  different  factors  that  would  bear  on  the  results,  Avas  prepared 
by  this  division,  in  cooperation  Avith  the  director,  and  the  results 
obtained  and  the  conclusions  draAA’n  from  them  are  iioav  presented 
in  this  paper. 

The  experiments  AA’ere  all  performed  at  Central  Bayaney,  at  Ha- 
tillo,  AAdiose  board  of  directors  extended  their  heartiest  cooperation 
for  the  work,  and  did  not  spare  any  effort  to  help  in  eyevj  way  pos¬ 
sible  to  the  success  of  the  experiment.  If  eA^erywhere  the  same  spirit 
were  shoAvn,  it  Avould  certainly  be  a  pleasure  to  pursue  lines  of  inA^es- 
tigation  AAdiicli  demanded  cooperation  of  outsiders  and  many  an  agri¬ 
cultural  problem  Avould  be  more  easily,  cheaply,  and  Avisely  solved. 
In  passing,  I  aausIi  to  extend  my  sincere  thanks  to  the  directors  of 
Central  Bayaney,  and  especially  to  the  superintendent,  Mr.  Manuel 
Gorbea  PI  a.  AAdiose  interest  in  the  AAmrk  did  so  much  to  oA^ereome 
difficulties  and  make  the  Avork  possible. 

The  analyses  AA^ere  performed  on  tAvo  different  occasions:  in  INIay, 
1919,  toAvard  the  end  of  the  grinding  season  by  the  assistant  chemist, 
IMr.  Rafael  Vila  Mayo,  and  in  December  of  the  same  year  at  the 
opening  of  the  1920  campaign  by  the  writer. 

PLAX^  OF  THE  EXPERIMENT. 

The  plan  of  the  experiment  Avas  A^ery  simple.  The  basic  idea 
Avas  to  make  comparatiA^e  analyses  of  healthy  canes  and  canes  in 
different  stages  of  the  disease  groAving  under  the  same  conditions, 
and  shoAAung  as  little  indiAddual  differences  betAveen  them  as  possible. 
The  idea  of  taking  separate  samples  of  canes  in  different  stages  of 
the  disease  Avas  suggested  by  preAdous  Avork  done  on  samples  receBrnd 
from  Central  Cambalache.  dVhile  working  Avith  these  samples  the 
Avriter  noticed  that  marked  differences  were  sIioaam  by  the  analyses 
of  healthy  canes  and  canes  whose  leaA^s  Avere  mottled  but  AAdiose 
stalks  Avere  sound,  on  the  one  hand,  and  canes  AAdth  cankered  stalks 
on  the  other.  Among  the  stalks  AAdiich  Avere  cankered,  some  were 
badly  cracked,  and  naturally,  the  idea  suggested  itself  that  the 
cracks  in  the  stalks  might  be  responsible  for  the  differences  obserA^ed. 
Accordingly,  this  point  receAed  due  attention  in  the  plan  formu¬ 
lated.  The  folloAving  definite  stages  or  manners  of  appearing  of 
the  disease  AA'ere  recognized:  (1)  canes  whose  leaves  only  Avere  mot- 
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tied,  but  whose  stalks  were  perfectly  sound;  (2)  canes  whose  leaves 
were  mottled  and  whose  stalks  were  striped  and  slightly  depressed 
]iear  the  joints;  (3)  canes  whose  leaves  were  mottled,  and  whose 
stalks  were  badly  cankered  hut  showed  no  cracks;  and  (4)  canes 
wliose  leaves  were  mottled  and  whose  stalks  were  both  badly  cankered 
and  cracked. 

In  i\Ir.  Vila’s  work  two  series  of  analyses  were  made.  In  the 
first,  series  A,  parallel  analyses  were  made  of  healthy  cane,  cane 
shewing  the  mottling  in  the  leaves  only  and  canes  with  stalks  badly 
cankered,  but  not  cracked.  For  these  analyses  Rayada  cane  was 
exclusively  used.  In  the  second,  series  B,  the  comparison  was  made 
between  healthy  cane,  cane  with  mottled  leaves  only,  and  canes  with 
stalks  cankered  and  cracked.  For  this  series  Cavangerie  cane  was 
used,  as  not  enough  Rayada  canes  could  be  found  with  cracks  in  the 
stalks.  The  samples  were  taken  in  groups  of  three,  each  sample  in 
the  group  consisting  of  five  canes.  All  samples  in  a  given  group 
were  taken  from  stools  standing  as  close  together  as  possible,  using 
canes  in  dilierent  stages  of  the  disease  from  the  same  stool  whenever 
feasible.  The  individual  canes  were  selected  so  as  to  have  all  the 
uniformity  allowed  by  the  circumstances  as  to  age,  development  and 
maturity.  Comparisons,  therefore,  should  be  made  between  the  dif¬ 
ferent  samples  in  the  same  group,  and  not  between  samples  l)elonging 
to  different  groups.  Each  group  was  marked  with  a  number  and 
the  letter  of  the  series. 

In  the  December  work  performed  by  the  writer,  four  series  of 
analyses  were  run :  series  C,  D,  E,  and  F.  In  these  instances  only 
two  stages  of  the  disease,  instead  of  three,  were  compared  at  a  time. 
Accordingly,  groups  of  two  samples  each  were  taken  and  again  five 
canes  were  allowed  to  each  sample.  All  the  precautions  observed  in 
the  cutting  of  samples  in  the  two  previous  series  were  carefully  fol¬ 
lowed  in  taking  these.  As  in  this  case  only  two  samples  were  recpiired 
for  each  group,  it  was  possible  to  obtain  them  from  the  same  stool, 
or  from  two  adjacent  stools  more  often,  thus  affording  more  oppor¬ 
tunity  for  uniformity  in  the  cane  selected.  Besides,  only  one  class 
of  canes,  Rayada,  was  used  in  all  the  series,  thus  eliminating  the 
possib'C  element  of  variation  due  to  varietal  characteristics. 

Series  C  was  carried  out  with  healthy  canes,  and  canes  which 
had  the  leaves  only  mottled.  However,  in  groups  6-0,  8-C  and 
10-C,  some  stalks  on  the  diseased  samples  were  very  slightly  affected. 
The  symptoms  of  the  disease  in  these  stalks  were  so  slight  that  they 
were  not  thought  to  affect  the  results  materially,  and  were  preferred 
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to  others  which  were  perfectly  sound,  for  their  close  proximity  to 
the  corresponding  healthy  stalks  in  the  groups.  This  cane  came  from 
a  plantilla  (plant  cane)  planting  which  was  one  of  the  most  vigorous 
in  the  place. 

The  purpose  of  the  next  two  series,  D  and  E,  was  to  compare 
healthy  canes  with  canes  having  mottled  leaves  and  stalks  visibly 
affected,  hut  not  cracked,  and  to  see  whether  there  was  any  dilfer- 
ence  in  behavior  between  plant  cane  and  ratoons.  Accordingly,  series 
D  was  run  with  plant  canes,  which  had  normal  development,  and 
were  doing  very  well,  and  series  E  was  run  with  samples  from  a  field 
of  fifth  ratoons.  In  both  eases  the  diseased  canes  showed  striped, 
wrinkled  internodes,  depressed  near  the  joints,  and  leaves  heavily 
mottled.  It  is  interesting  to  observe  here  that  canes  were  found 
which,  although  having  stalks  in  the  condition  just  described,  did  not 
show  any  mottling  in  the  leaves.  Such  canes  were  not  included  in 
the  samples  taken. 

Series  F.  In  this  series  canes  with  mottled  leaves  and  sound 
stalks  were  compared  with  canes  with  stalks  cankered  and  cracked. 
Although  a  fifth  ratoon,  the  plantation  was  producing  larger  canes 
and  more  cane  than  any  other  in  the  place.  The  stalks  were  large 
and  fully  developed,  and  the  stools  had  twelve  to  eighteen  or  twenty 
canes  each.  The  plants  with  sound  stalks  taken  had  their  leaves  very 
heavily  mottled,  and  most  of  the  plantation  was  in  this  condition. 
The  affected  stalks  were  profusely  striped,  with  a  number  of  cracks 
running  along  the  lower  half  of  the  stalk.  Some  of  the  internodes 
were  very  much  depressed,  but  others  were  only  mottled  and  cracked. 
It  was  hard,  however  to  find  stalks  in  this  condition  as  the  percentage 
of  canes  affected  in  this  way  was  very  low. 

The  samples  were  brought  to  the  laboratory  and  immediately  ana¬ 
lyzed.  The  juice  was  expressed  in  a  handmill  by  passing  the  cane 
twice  through  the  mill,  which  gave  an  extraction  ranging  from  51 
to  60  per  cent.  The  juices  were  strained  through  a  copper  wire 
strainer  and  the  following  determinations  performed  on  them:  de¬ 
gree  brix,  sucrose,  acidity,  reducing  sugars. 

METHODS  OF  ANALYSES. 

Brix. — Was  determined  as  usually  with  the  common  brix  spindle, 
the  temperature  of  the  juice  taken,  and  the  correction  for  tempera¬ 
ture  introduced  according  to  the  table  given  by  Spencer. 

Sucrose. — Sucrose  was  determined  by  the  single  polarization 
method  of  Florne’s,  using  dry  lead  subacetate  for  clarification.  The 
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>  tiwii  *'y  Spencer  in  tlie  1917  elirion  of  liis  'Handbook  for 
Cane-:^iigar  ^lanitiai-niiers*’  were  iLsed  for  «:*ompiiriiig  the  siierose 
from  the  py’aris  opie  r-ading  and  tlie  degre-  brix.  Tbe  widter  is 
aware  of  t::e  faet  ikai  this  method  not  give  the  al>«5lnte  per 
■:-ent  of  -tierce-  in  the  jiiiees.  but  it  was  thought  to  arive  siiffiriently 
a  •*  urate  restio-  for  comparative  work. 

Acidity. — It  was  intended  to  use  logwood  solution  as  indicator 
in  the  determination  of  acidity,  but  the  reagent  did  n>t  arrive  in 
time  for  the  spring  work,  so  that  Air.  Vila  had  to  use  litmus  instead. 
It  wa>  found,  by  previous  tests,  that  more  concordant  results  between 
duplicates  could  be  obtained  by  nsing  the  pai>er  rather  than  the 
extract.  Ten  cubic  centimeters  of  the  juice  were  taken,  diluted  with 
about  5<!»  ee.  of  distilled  water,  and  X  10  sodium  hyiflroxide  solution 
run  in  until  neutralization,  as  shown  by  the  permanence  of  color  of 
two  strips  of  litmus  paper,  one  red  and  the  other  bine,  dipped  in 
the  solution.  However,  by  December  we  already  had  the  desired 
logwood  extract,  and  this  indicator  was  used  in  the  succee«ling  series 
of  experiments.  Again  10  cc.  of  the  juice  were  diluted  with  50  cc. 
of  distilled  water,  .so  as  to  make  more  perceptible  the  change  in 
e-olor  of  the  solution.  This  indicator  was  found  to  give  very  satis¬ 
factory  results.  As  shown  in  the  tables,  the  aci»lity  has  been  ex¬ 
pressed  as  cubic  centimeters  of  X  10  alkali  solution  re*iuired  to 
neutralize  100  cc.  of  juice. 

Reducing  sugars. — ^Under  the  limitations  and  lack  of  facilities  in 
which  this  work  was  carried  out  the  gravimetric  method,  which  would 
have  l»een  preferred  by  the  writer.  cr»nld  not  lT»e  nse<fl.  In  looking  for 
a  volumetric  method,  accuracy  and  speed  were  the  factors  considered. 
The  method  had  to  be  rapid  enough  to  allow  of  a  numli^r  of  deter¬ 
minations  being  made  by  a  single  manipulator  with  very  scant  eqnip- 
mif-nT.  in  a  short  time,  as  it  was  not  desired  to  preserve  juices  for 
any  length  of  time  for  this  work.  These  determinations  were  to 
In?  made  in  fresh  juice,  as  soon  as  possible  after  being  expressed  from 
the  eanes.  I'onsider  that  only  one  alcohol  lamp  was  available,  and 
that  consequently  not  more  than  one  sample  could  be  heated  at  a 
time.  Duplicates  were  made  of  all  determinations,  and  in  some 
dotibtfol  case^  three  and  four  detei’minations  were  made  on  a  single 
sample. 

Haviiig  ail  these  conditions  in  mind  the  method  of  S*thoorl  de 
Hans  was  chosen.  Accordingly,  the  following  s^dntions  and  reagents 
were  prepared : 

1.  Copper  sidphatf  solution. — 69.2S  grams  of  chemically  f»ure 
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copper  snlp^iate  crystals  were  dissolved  in  1  liter  of  distilled  water. 
This  solution  was  standardized  against  N/10  sodium  tliiosnlpliate  as 
explained  below.  The  reducing  sugar  equivalent  of  this  solution  was 
then  determined  by  carrying  out  a  test  exactly  as  described  for  the 
juices,  except  that  a  standard  solution  of  reducing  sugar  prepared 
by  inverting  c.  p.  sucrose  vms  used. 

2.  AU:aJine  tartrate  solution. — Prepared  by  dissolving  346  grams 
of  Rochede  salts  and  100  grams  of  sodium  of  hydroxide  per  liter. 

3.  Tent]}  normal  sodium  thiosulphate  solution. — A  tenth  normal 
solution  of  sodium  thiosulphate  was  prepared,  and  titrated  against  a 
mixture  of  5  ee.  of  the  copper  sulphate  solution  and  5  cc.  of  the 
alkaline  tartrate  after  boiling  for  exactly  two  minutes  and  the  ad¬ 
dition  of  20  cc.  of  20  per  cent  potassium  iodide  sob,  and  10  cc.  of 
dilute  sulphuric  acid  prepared  as  directed  below.  From  this  the 
equivalence  of  both  solutions  was  found.  All  details  given  for  the 
actual  carrying  out  of  the  method  with  juices  should  be  observed 
in  this  titration. 

4.  Potassium  iodide  sohition. — A  20  per  cent  solution  of  potas¬ 
sium  iodide  solution  was  prepared. 

5.  Dilute  sulphuric  acid. — The  solution  was  made  by  mixing  equal 
volumes  of  chemically  pure  sulphuric  acid  sp.  gr.  1.84  and  distilled 
water. 

Procedure. — Ten  cubic  centimeters  of  juice  were  diluted  to  a 
volume  of  100  cc. 

To  ten  cubic  centimeters  of  the  juice  solution,  5  cc.  of  the  copper 
sulphate  solution  and  5  cc.  of  the  alkaline  tartrate  solution  were 
added  in  an  Erlenmeyer  flask  of  about  300  cc.  capacity.  The  flask 
was  then  quickly  brought  to  boiling,  and  the  boiling  continued  for 
exactly  two  minutes,  at  the  end  of  which  time  the  flask  was  suddenly 
brought  under  the  tap  and  rapidly  cooled  to  about  60°  C.  Twenty 
cubic  centimeters  of  the  20  per  cent  potassium  iodide  solution  were 
then  added,  and  then  10  cc.  of  dilute  sulphuric  acid.  The  coppec 
sulphate  not  reduced  by  the  juice  was  then  immediately  titrated  with 
X/10  thiosulphate  solution  using  starch  as  indicator,  to  a  very  pale 
or  almost  white  color.  From  the  number  of  cubic  centimeters  of 
thiosulphate  required  for  each  cubic  centimeter  of  copper  sulphate 
solution  as  already  determined,  the  volume  of  copper  sulphate  solution 
not  reduced  by  the  juice  was  calculated.  This  amount,  subtracted 
from  the  5  cc.  of  copper  sulphate  solution  used,  leaves  the  number 
of  cubic  centimeters  of  copper  sulphate  solution  reduced  by  the  juice. 
From  the  reducing  sugar  equivalent  of  the  copper  sulphate  solution 
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th-?  aTHOUiit  of  rediieing  sugar  in  the  10  cc.  of  juice  solution  taken 
was  found,  and  the  percentage  then  calculated. 


RESULTS  AXD  CONCLUSIONS. 

Tl-e  results  are  pi*eseiited  below  in  tabular  form  and  in  graphs 
]  letted  from  tr.e  datra  given  in  ea^rh  tabl»^.  so  that  for  each  table 
there  is  a  corresponding  graph. 

In  plotting  the  curves  onlv  the  data  for  sucrose,  acidity  and 
red"’  •] IIS'  sugars  have  been  made  use  of.  as  these  are  the  real  dominant 
factors,  and  the  inclusion  of  the  degree  brix  and  the  purity  would 
contribute  nothing  in  this  instance  toward  reaching  a  conclusion, 
wliile  introducing  more  or  less  confusion  in  the  diagrams. 

As  the  purpose  is  to  compare  the  condition  of  the  samples  in 
each  group  with  one  another  rather  than  to  compare  results  between 
different  groups,  the  numbers  of  the  groups  were  taken  for  abscisae 
and  tile  percentage  of  sucrose  and  invert  sugar,  and  the  acidity 
expressed  in  cubic  centimeters  of  X  10  caustic  soda  per  100  cc.  of 
juice,  for  ordinates.  It  is  clear,  then,  that  there  is  no  relation  t<? 
be  expected  or  found  between  ordinates  and  abscisae,  and  that  the 
diagrams  only  purpose  to  show  the  comparison  between  the  samples 
in  each  group  irrespective  of  the  other  groups,  by  means  of  the 
relative  positions  of  the  corresponding  points  in  each  group.  In 
other  words,  the  results  obtained  for  all  samples  in  a  given  group 
appear  represented  by  points  in  the  same  vertical  line,  and  that  line 
is  marked  at  its  foot  on  the  horizontal  designated  ’'Base  line”  with 
the  number  corresponding  to  the  given  group.  The  points  were 
placed  Iw  counting  up  from  the  base  line  the  number  of  centimeters 
corresponding  to  the  percentage  which  they  intended  to  represent 
according  to  the  scale  given  in  each  diagram  for  each  group  of  lines. 
The  points  by  themselves,  then,  would  have  been  sufficient,  but  they 
have  been  connected  by  lines  as  a  help  to  the  eye  and  to  the  imagin¬ 
ation  in  establishing  comparisons  between  the  different  positions. 

Special  attention  should  be  called  to  the  graphs  plotted  from 
Table  II.  Here  some  points  appear  which  have  not  been  connected 
by  lines.  The  explanation  is  as  follows:  In  groups  4  and  6  the 
samples  corresponding  to  the  mottled  canes,  and  in  group  5  the  sam¬ 
ples  corresponding  to  the  healthy  cane,  were  lost,  so  that  no  figures 
appear  for  these  in  th?  table.  Xo  points  appear  in  the  graph  for 
these  corresponding  positions.  This  left  isolated  the  points  coitc- 
sponding  to  the  samples  of  mottled  cane  in  positions  5  and  7.  and 
they  are  shown  by  points  surrounded  by  circles  of  red  broken  lines 
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It  will  be  noticed  that,  for  the  sake  of  contrast,  the  points  on  black 
lines  are  indicated  by  red  circles,  and  the  points  in  red  lines  by  black 
circles.  Where  two  concentric  rings  are  seen  as  in  the  acidity  curves 
at  positions  1  and  2,  it  means  that  the  points  belonging  to  two  dif¬ 
ferent  samples  coincided.  In  these  instances  the  acidity  of  the 
health}^  and  the  mottled  canes  was  exactly  the  same. 

The  horizontal  straight  lines  mark  the  levels  for  the  averages  in 
each  set  of  samples  of  canes  affected  to  the  same  extent  by  the 
disease. 


Table  I — Series  A. 

COMPARATIVE  ANALYSES  OF  HEALTHY  CANES,  CANES  WITH  THE 
LEAVES  MOTTLETD  AND  SOUND  STALKS,  AND  CANES  WITH 
LEAVES  MOTLED  AND  STALKS  AFFECTED,  BUT  NOT  CRACKED. 

The  different  stages  are  distinguished  in  the  table  below  by  the  terms  ‘ '  healthy, ’’ 
‘  ‘  mottled,  ’  ’  and  ‘  ‘‘  cankered,  ’  ’  respectively. 


RAYADA— MAY  3  TO  10,  1919. 


Group  No. 

Brix 

Sucrose 

i 

Purity  j 

Acidity.  Cubic  cent. 
N/io  NaOH  per 

100  cc.  Juice 

Healthy 

Mottled 

Cankered 

Healthy 

Mottled 

Cankered 

Healthy 

Mottled 

Cankered 

Healthy 

Mottled 

Cankered 

1— A. . . 

19.00 

|18.80 

18.60 

15.70 

16.00 

15.30 

81.60  85.10 

82.26 

,5.80cc.  1 

6.60ce. 

7.20ce. 

2— A . 

18.80 

18.70  ! 

18.30 

17.00 

16.83 

15.90 

90.42  90.00  I 

86.89 

4.40  ! 

4.60CC. 

6.00CC. 

3— A . . 

18.20 

18.60  ; 

18.40 

16.5" 

16.78 

16.70 

90  66  90.10 

,90.79 

5.60CC.  j 

5  20c C. 

5.20CC. 

4— A . 

17.20 

17  60  I 

17  00 

15.51 

15.90 

15.70 

90.17  90.34 

,92  94 

1.80CC.  1 

2.60CC. 

4.80CC. 

5-A . 

17.40 

17.70 

47.10 

15.50 

16.30 

15.40 

89.08  92.09 

|90.05 

1.40CC.  1 

1.80ec 

4  60cc. 

6— A . 

19.30 

48.60 

48.50 

17.03 

16.77 

15.70 

88.20  90.20 

k4.90 

3.50CC.  ! 

2.40CC. 

5.80c  c. 

7-A . 

18.40 

|18.60 

16.90 

17.00 

16.76 

14.55 

|92.40  90.10 

86.10 

3.30CC.  i 

j2.70cc. 

4.50CC. 

Averages . 

18.328 

18.371 

17.828 

16.32 

16.477 

,15.607 

1 

89.044^89.690 

87.542|3.685cc. 

j3.7C0cc. 

5.442CC. 

On  closely  examining  Table  I,  we  find  that  by  comparing  the 
analyses  of  the  different  samples  in  the  same  group  we  do  not  dis¬ 
cover  any  great  discrepancies  as  regards  the  degree  brix,  the  sucrose 
content  and  the  purity  of  the  .juice.  Out  of  seven  groups  analyzed 

in  only  four  instances  is  there  a  decrease  in  the  sucrose  content  of 

the  cankered  canes  as  compared  with  healthy  canes,  and  in  only  three 
instances  is  the  purit}"  lower  in  the  cankered  than  in  the  healthy 
canes.  In  only  one  instance  is  there  a  considerable  difference  in 

favor  of  the  healthy  canes,  in  group  7-A,  in  wdiich  the  difference  in 

sucrose  reaches  2.45  per  cent,  and  the  purity  is  6.3  points  lower  in 
the  cankered  cane.  But  this  seems  to  be  a  case  in  wdiich  individual 
variations  affected  heavily  the  analysis  of  the  sample,  as  it  is  the 
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only  instance  in  Avhich  sncli  discrepancies  are  manifested.  In  two 
other  cases  only  is  the  sucrose  content  of  the  cankered  cane  lower 
than  that  of  the  healthy  cane  l)y  as  much  as  1  per  cent.  These  are 
in  groups  2  and  6.  Turning  now  to  the  aA^erages,  we  find  hotli  su¬ 
crose  and  purity  lower  in  the  cankered  canes,  hut  if  the  exceptional 
instance  of  group  No.  7  is  left  out,  these  differences  become  too  small 
to  desei’A^e  consideration.  Thus,  averaging  only  the  degree  brix  and 
the  sucrose  of  the  first  six  groups  of  cankered  canes,  and  finding  from 
the  averages  obtained  the  resulting  purity,  Ave  get  17.983  for  the 
brix,  15.783  for  sucrose  and  87.771  for  purity.  These  Avill  produce 
the  differences  of  only  0.563  in  sucrose  and  1.273  in  purity  AA^hen  com¬ 
pared  Avith  the  averages  of  the  samples  of  healthy  canes. 

An  inspection  of  the  sucrose  curA^es  constructed  AAutli  these  figures 
■shoAv  these  points  very  clearly.  It  aauII  be  noticed  that  only  the  ex 
treme  point  to  the  right  of  the  red  curve  falls  at  a  considerable  dis¬ 
tance  beloAv  the  corresponding  point  in  the  AAdiole  black  line,  and 
that  only  in  two  other  cases  at  positions  2  and  6  show^  the  corre 
sponding  points  a  noticeable  difference  in  levels.  In  other  cases  the 
points  in  the  red  line  are  either  a  A^ery  short  distance  below,  or 
slightly  above  those  in  the  curve  for  healthy  cane.  It  should  be 
remembered  that  a  distance  of  1  mm.  in  the  diagram  shoAvs  a  dif¬ 
ference  of  only  0.1  per  cent  sucrose.  The  lines  of  averages,  hoAveA^er. 
show  a  tendency  toAvard  a  decrease  on  the  part  of  the  diseased  cane, 
as  mentioned  in  the  discussion  c-f  the  table.  The  conclusion  seems 
warranted  that  the  cankering  of  the  stalk  affects  A^ery  little  the  su¬ 
crose  content  of  the  juice  of  diseased  canes;  or  at  least,  that  the 
extent  to  Avhich  it  is  affected  Avould  not  be  noticeable  under  factory 
conditions. 

As  for  the  cane  having  the  leaves  only  mottled,  a  mere  glance 
at  the  figures  is  enough  to  shoAv  that  there  is  no  difference  betAA^een 
their  juice  and  that  of  healthy  canes.  If  anything,  they  seem  to  shoAV 
up  slightly  better  than  the  healty  ones. 

This  is  very  Avell  shown  by  the  graph.  As  seen,  the  points  in 
the  curAM  for  mottled  cane  appear  in  four  instances  aboA^e  those  in 
the  same  A^ertical  line  for  healthy  cane,  AAdiile  in  the  other  three  cases 
the  points  for  the  mottled  are  only  very  slightly  below  those  for 
healthy  cane  in  the  same  group.  This  shoAVS  no  more  variation  than 
could  be  expected  if  duplicate  samples  of  healthy  canes  only  had 
been  analysed.  Notice  that  the  line  of  aA^erages  for  the  mottled  cane 
reaches  a  higher  leA^el  than  that  for  healthy  cane,  but  that  the  dif- 
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fereiiee  in  levO'S.  is  very  little.  It  might  as  well  have  fallen  below 
by  about  the  same  distance,  for  all  we  know. 

AYitli  regard  to  acidity,  the  averages  show  that  there  is  no  differ¬ 
ence  between  liealthy  and  mottled  cane,  but  cankered  canes  show  a 
bigher  content,  the  excess  being  on  the  average  equal  to  1.757  cc.  of 
X/10  caustic  soda  per  100  ce.  of  juice  equivalent  to  0.007028  gms. 
caustic  soda  in  100  cc.  of  juice.  The  curves  for  acidity  as  plotted  from 
this  table  bardly  need  any  comment.  The  coincidence  of  the  two  lines 
of  averages  corresponding  to  health}^  and  mottled  cane  as  well  as 
tile  relative  positions  of  the  corresponding  points  in  the  curves  for 
tliese  two  classes  of  cane  speak  for  themselves.  The  levels  attained 
by  the  points  in  the  curve  for  cankered  cane  as  well  as  the  line  re¬ 
presenting  the  average  content  show  the  greater  acidity  contained 
liy  these  canes. 

Table  II — Series  B. 

COMPARATIVE  ANALYSES  OF  HEALTHY  CANES,  CANES  WITH  LEAVES 
MOTTLED  AND  SOUND  STALKS,  AND  CANES  WITH  CANKERED, 
CRACKED  STALKS. 


The  different  stages  are  distingnislied  in  the  table  below  by  the  terms  ^  Hiealtby,  ’  ’ 
‘  ‘  mottled,  ’  ’  and  ‘  ^  cankered,  ’  ’  respectively. 

CAVANGERIE— MAY  3  TO  10,  1919. 


Grou])  No. 

Brix 

Sucrose 

[ 

Purity 

Acidity.  Cubic  cent. 
N/  io  NaOH  per 

100  cc.  Juice 

HeaUlij' 

_ 

Mottled 

Cankered 

Healthy 

Mottled 

Cank  red 

QJ 

•  Mottled 

Cankered 

Healthy 

Mottled 

Cankered 

i-r> . 

18. CO 

17.90 

18.00 

16.16 

16.00 

15.25 

89.80 

89.38 

84.72 

6.80CC. 

6.80CC. 

10.60CC. 

2-B . 

18.00 

17.40 

14.90 

16.28 

16.10 

12.15 

90  44 

92  52 

81.54 

2.60CC. 

2  60cc. 

6.00ec. 

3  B . 

18.20 

18.20 

15.50 

16.40 

l«.78 

11.90 

90.40 

92.17 

76.77 

4  80cc. 

3.70CC. 

7  20cc. 

4-B . 

18.40 

15.10 

16.36 

11.75 

88.96 

76.30 

5.60ce. 

8.10CC. 

5— B . 

17.10  16  10 

15’.  70' 

12.15 

h '.  81 

75.46 

5.60CC. 

7.20CC. 

6  B.. 

18  80 

16  60 

16  74 

13  85 

89' 00 

83  43 

4.70CC. 

6.00CC. 

7-B . 

18.40 

|17.00 

15.92 

15.48 

14.44 

90.00 

84 ’.’l  3 

85.00 

2.80CC. 

5.80CC. 

5.70CC. 

Averages.. . . 

18.183 

17.80 

jl6.214 

16.31 

|16.012 

13.07 

89.699 

89.955 

80.609 

4.55CC. 

4.90CC. 

7.257CC. 

Looking  now  at  Table  No.  II,  we  find  a  very  different  state  of 
affairs  as  regards  the  composition  of  the  juices  of  cankered  canes  as 
compared  with  the  juices  of  healthy  canes.  Here  the  difference  is  ap¬ 
parent  at  first  sight.  The  degree  brix,  sucrose  content,  and  purity, 
appear  consistently  lotcer  in  the  cankered  canes.  In  groups  2-B  and 
4-B  the  difference  in  sucrose  reaches  over  4  points,  being  4.61  in  the 
latter,  while  the  average  of  all  the  differences  is  as  high  as  3.066 
points.  Taking  the  difference  between  the  two  sucrose  averages 
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(average  for  healthy  cane,  and  average  for  cankered  cane),  we  ob¬ 
tain  a  difference  of  3.24  points  in  favor  of  tlie  healthy  cane.  In 
purity  we  find  differences  as  high  as  12  and  13  points  in  groups  3-B 
and  4-B,  the  lowest  difference  being  of  5  points,  in  group  7-B.  Com¬ 
paring  the  averages,  we  find  a  difference  of  9.090  between  the  purity 
and  healthy  cane  and  that  of  cankered  cane.  The  figuies  for  the 
mottled  cane  again  fail  to  show  any  appreciable  differences  with  the 
healthy  cane  as  regards  sucrose  and  purity. 

A  slight  gain  in  acidity  is  evidenced  by  the  average  of  mottled 
canes  compared  with  that  of  healthy  canes,  but  as  no  consistency  in  the 
differences  shown  by  the  samples  in  the  individual  groups  is  apparent, 
no  conclusion  should  be  based  on  this  fact.  There  is  no  question  as 
to  the  higher  acid  content  of  the  cankered  canes.  It  should  be  noticed 
that  the  acidity  in  these  canes  is  higher  than  that  shown  by  the  can¬ 
kered  canes  in  the  previous  series.  Altough  for  reasons  that  could 
not  be  controlled  at  the  moment  a  determination  of  reducing  sugars 
could  not  be  made  in  every  case,  yet  those  that  were  made  consist¬ 
ently  showed  that  considerable  inversion  occurred  in  the  juices  of 
canes  whose  stalks  presented  fissures  as  a  result  of  the  disease. 

Notice  now  the  curves  plotted  from  the  data  in  this  table.  (Table 
No.  II).  The  sucrose  and  acidity  curves  for  healthy  and  mottled 
cane  follow  pretty  close  one  another  and  the  differences  between  their 
lines  of  averages  are  not  of  much  consequence.  The  fact  that  rela¬ 
tive  positions  of  the  lines  of  average  for  sucrose  (as  regards  healthy 
and  ''mottled''  cane)  are  in  this  case  the  inverse  of  what  they  are 
in  the  previous  graph,  further  justify  our  conclusion  that  the  mere 
mottling  of  the  leaves  do  not  seem  to  affect  the  sucrose  content  of 
cane  to  any  appreciable  extent. 

The  curves  for  the  cankered  cane  with  cracked  stalks,  however, 
strikingly  show  the  lower  sugar  content  and  higher  acidity  in  these 
canes.  It  is  well  to  notice  that  with  the  exception  of  the  points  in 
positions  1  and  2,  the  points  in  the  acidity  curve  attain  higher  levels 
and  these  in  the  sucrose  curve  appear  at  lower  levels  simultaneously, 
thus  showing  a  corresponding  decrease  in  sucrose  whenever  an  in¬ 
crease  in  acidity  is  present.  This  correspondence  will  be  further 
evidenced  in  the  diagrams  that  follow.  It  is  plain  that  this  has  been 
a  clear  case  of  fermentation  due  to  the  cracks  in  the  rind  of  the  cane. 

The  conclusion  is  irresistible  that  the  cracking  of  the  stalks  causes 
inversion  in  the  juices,  with  the  consequent  loss  of  sucrose.  The 
higher  acid  content  in  these  canes  point  to  fermentation  as  the  cause 
of  this  inversion. 
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Reasoning  from  the  results  obtained  in  these  series  of  analyses, 
the  conclusion  should  be  reached  that  the  disease  in  itself  does  not 
affect  to  any  appreciable  extent  the  sucrose  content  in  the  juice, 
and  that  it  is  only  when  the  stalks  are  cracked  and  fermentation 
ensues  that  a  considerable  decrease  in  the  sucrose  content  results, 
as  it  would  result  in  any  other  case  in  which  a  cane  had  sustained 
mechanical  injury  enough  to  cause  the  exposure  of  its  inner  tissues. 
At  an  advanced  stage,  the  disease,  however,  seems  to  induce  of  itself 
an  acid  condition  of  the  juice,  but  not  to  any  considerable  extent. 

We  shall  see  whether  this  thesis  is  sustained  by  the  results  ob¬ 
tained  in  the  experiments  that  follow. 

Table  III — Series  C. 

COMPARATIVE  ANALYSES  OF  HEALTHY  AND  MOTTLED  CANES. 

The  diseased  canes  had  only  the  leaves  mottled. 

PLANT  OANE— DECEMBER  9,  1919. 


Brix 

Sucrose 

Purity 

Ou.  Cent,  of 
n/10  Na  OH 
per  100  cc. 
Juicce 

Reducing 

Sugars 

Group  No. 

Healthy 

1 

Diseased 

Healthy 

Diseased 

Healthy 

Diseased 

Healthy  ^ 

i 

Diseased 

Healthy 

Diseased 

1— C . 

16  73  ! 

15  13 

90  43 

3  00 

0.674^^ 

1.444/. 

2-C . 

17.47 

15.31 

15.71 

12.43 

89  92 

81.18 

2.50 

2  50 

0.474 

3— C . 

17.39 

17.20 

16.65 

15.71 

95.74 

91.36 

2.50 

3.25 

0.428 

1.180/ 

4-0.. . 

lfi.87 

17.29 

15  67 

15  90 

92.88 

91 .96 

4.00 

5.25 

0.487 

0.284/ 

5-C.. . 

17.83 

16.73 

16.80 

15.52 

91.22 

92.76 

5.50 

5.00 

0.323 

0.291/ 

6-C . 

14.. 99 

15  23 

11.00 

11.94 

75  39 

78.39 

3,00 

8.. 50 

1.549 

1.251/ 

7-0 . 

16.66 

15  99 

11.12 

13.85 

81.75 

86.61 

3.25 

4.25 

1.067 

0.532/ 

8-0 . 

17.16 

16  26 

15.62 

14,04 

91.02 

86.34 

4.00 

3.75 

0.352 

0.261/ 

9-0  . . 

1.1.73 

15.76 

12  52 

12.57 

79  59 

79.76 

1.75 

6.12 

1.131 

0.942/ 

0-0 . 

17.56 

17.56 

15.82 

15.80 

90.09 

89.97 

2.00 

4.00 

0.359/ 

Averages . 

16.806 

16.406 

14.879 

14.289 

88.534 

87.09 

3.166 

4.562 

0.726 

0.722/ 

An  inspection  of  Table  III  will  reveal  the  fact  that  no  constant 
difference  is  introduced  in  the  sugar  content  of  the  juices  by  canes 
attacked  with  the  disease  in  which  only  the  leaves  have  become  mot¬ 
tled.  The  differences  between  the  samples  in  each  individual  group 
point  sometimes  one  way  and  then  another,  while  the  averages  come 
as  close  to  each  other  as  could  be  expected  under  the  circumstances. 
Slight  differences  in  averages,  cannot  be  taken,  of  course,  as  the 
guiding  principle  in  a  work  of  this  nature.  It  is  only  a  reasonably 
consistent  series  of  differences  all  pointing  the  same  way  what  should 
be  taken  as  an  indication  of  a  cause  uniformly  acting  to  produce  a 
given  effect. 
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A  study  of  the  curves  plotted  from  the  data  presented  in  this 
table  will  reveal  very  interesting  points.  Although  judging  from 
the  lines  of  averages  for  reducing  sugars  there  is  no  difference  as 
between  the  healthy  and  diseased  canes,  and  while  only  a  small  dif¬ 
ference  in  favor  of  the  healthy  cane  is  shown  by  the  sucrose  curves, 
yet  there  is  shown  a  higher  acid  content  by  the  diseased  canes.  This 
increase  in  acidity  is  constant  throughout  all  the  series  in  which  this 
factor  has  been  included.  It  is  further  to  be  noticed  here,  as  well 
as  further  on.  that  this  difference,  though  constant,  is  very  small  in 
all  cases  except  in  very  acute  stages  of  the  disease,  reaching  its  maxi¬ 
mum  development  only  when  the  stalks  crack.  But  this  point  may 
l)e  better  discussed  after  all  the  other  tables  and  curves  have  been 
examined.  For  the  present  it  is  enough  to  notice  that  the  extra 
acidity  induced  is  not  enough  to  cause  inversion,  as  shown  by  the 
ccindicence  of  the  lines  of  averages  for  reducing  sugar. 

Table  IV  and  V  show  comparisons  of  healthy  canes  with  canes 
which  had  mottled  leaves  and  stalks  depressed  near  the  joints,  buf 
winch  sliowed  no  cracks  or  fissures  in  the  stalks.  In  the  first,  plan! 
cane  was  used,  while  in  the  second,  ratoons  were  chosen.  Both  point 
to  the  same  conclusion. 

I’ABLE  IV — Series  D. 

COMPARATIVE  ANALYSES  OF  MOTTLED  AND  HEALTHY  CANES. 

The  diseased  canes  in  this  series  had  the  leaves  mottled  and  the  stalks  affected 

but  not  cracked. 

PLANT  CANE — DECEMBER  17  TO  18,  1919. 


Group  No. 

Brix 

Sucrose 

Purity 

Healthy 

Mottled 

Healthy 

Mottled 

Healthy 

Mottled 

1  -D  . 

(X) 

15.16 

12  56 

82.84 

2-D  . 

(X) 

15.49 

12.52 

80  82 

3-D  . 

16.0.3 

16.03 

12.96 

13.21 

8M.84 

82'.  41 

4-D . 

17.19 

15.89 

14.58 

12.96 

84,81 

81.56 

5-D . 

14.73 

14 . 86 

10.85 

12.42 

73.66 

83.58 

6-D . 

15.86 

16.03 

12.79 

12.99 

80.64 

81  03 

7-D . 

16.39 

15.86 

13.46 

13.26 

82.12 

83.60 

8-D . 

16.49 

16.39 

13.56 

12.33 

82.23 

75  22 

9— D . 

15.93 

15.43 

12.49 

12.28 

78.38 

79.56 

10-D . 

16.33 

15.93 

12.99 

12.99 

79.54 

81.54 

11-D . 

16.19 

16.56 

13.11 

13.84 

80  79 

83  57 

12- D . 

17.26 

16.59 

14.01 

14.10 

81.17 

81.99 

13—1) . 

14.96 

14.96 

11.51 

12. 10 

76.93 

80.88 

14-D . 

15.59 

14.96 

12.71 

12.10 

81.52 

80.88 

15-D . 

16.79 

17.19 

14.34 

14.96 

85.00 

87.02 

Averages . 

16.134 

15.822 

13.027 

12.914 

80.742 

81.620 

Ill  Table  IV,  out  of  13  instances  in  which  a  comparison  could  be 
established  in  only  5  cases  did  the  diseased  cane  show  a  lower  sucrose- 
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ecutent,  and  in  only  three  cases  was  the  purity  of  the  diseased  cane 
juices  less  than  that  of  the  healthy  ones.  The  highest  difference  in 
sucrose  in  favor  of  the  healthy  canes  was  1.62  points  in  group  4-D, 
in  three  other  cases,  groups  T-D,  8-D  and  9-D,  the  difference  was 
only  of  0.20  to  0.23  points,  and  in  group  14— D,  of  0.61.  In  the  three 
cases  of  lower  purities,  the  differences  were  7.01  points  in  group  8-D, 
3.35  points  in  group  4-D,  and  0.64  points  in  group  14-D.  In  10 
instances  out  of  15,  and  in  12  out  of  15,  the  sucrose  content  and 
purit.y  were  respectively  higher  in  the  diseased  canes.  These  con¬ 
siderations  more  than  counterbalance  the  slight  differences  shown 
in  the  averages  in  favor  of  the  healthy  cane. 

In  Table  V,  the  averages  for  the  diseased  and  healthy  canes  show 
a  wonderful  agreement  considering  the  circumstances.  These  figures 
hardly  need  any  discussion ;  they  speak  clearly  for  themselves. 
There  are  no  constant  differences  to  speak  of  among  the  samples  in 
each  group  or  betAveen  the  total  averages  obtained.  Only  in  the 
case  of  the  acidity  seems  there  to  be  a  tendency  to  shoAv  a  slight 
constant  difference  pointing  to  an  increase  in  the  diseased  canes. 
The  differences,  hoAvever,  are  very  small. 

Table  Y — Series  E. 

COMPARATIVE  ANALYSES  OF  MOTTLED  AND  HEALTHY  CANES. 

The  diseased  canes  had  their  leaves  mottled  and  the  stalks  affected  bnt  not  cracked. 

RATOONS — DECEMBER  20  TO  22,  1919. 


! 

Brix 

Sucrose  j 

j  Purity 

1 

Acidity  i 

Reducing 

Sugars 

Group  No. 

>> 

T3 

>3 

-r 

1 

^  j 

3 

1  ^ 

2. 

23  j 

s 

ci 

‘X 

n 

£ 

o 

o 

1  O 

o 

<x> 

o  1 

© 

o 

P. 

1  ^ 

- 

S 

S 

1-E . 

17.89 

'  17.49 

15 . 85 

15.15 

88.59 

86.62 

2.25CC 

2.50CC 

0.766^ 

0.856$? 

3-E . 

17.69 

i  14.36 

15.90 

13.75 

89.88 

95 . 75 

1.75CC 

2.25CC 

0.517$? 

1.037^ 

5-E . 

17.19 

!  15.29 

15.42 

12.52 

89.70 

81.88 

2.50CC 

4.10CC 

0..-32;? 

0  920$? 

6-E . 

17.26 

^  17.29 

14.90 

15.32 

1  86.32 

88.60 

1.75CC 

2.V5CC 

0.872$? 

0.384$? 

7— E . 

15  06 

16.56 

12.40 

13.81 

j  82.33 

83.39 

3.00ce 

2.75ec 

0.805^ 

0.904^ 

8  E . 

16.79 

16.84 

14.98 

14.22 

89.22 

84.44 

2.50CC 

4.25CC 

0.637$? 

0.814^ 

9— E . 

13.56 

17.39 

10.50 

15.36 

77.43 

88.32 

2.7occ 

2.50CC 

1.625$? 

0.679$? 

10  E . 

16.96 

17.26 

15. 15 

14.79 

89.32 

85.68 

2.50CC 

2  75cc 

0.814- 

0.880$? 

11— E . 

17.06 

15.56 

14.32 

12.79 

83.93 

82.19 

2.50CC 

3.75CC 

1.243^ 

1.079$? 

12-E . 

16.29 

16.53 

14.02 

14.23 

86.06 

86.08 

1.75CC 

i  2.50CC 

0.9nl$? 

0.830$? 

Averages. . . . 

16.575 

16.457 

14.344 

14.194 

86.539 

! 

86.249 

2.325CC 

2.960CC 

0.8712 

0.8383 

These  facts  are  more  forcefully  presented  by  the  graphs  corre¬ 
sponding  to  these  tables.  The  sucrose  curves  plotted  from  Table  IV 


I 


Slock  fines 
'Red  n 


Curves  P  lotted  j^rom  Data  m  Tab/e  V~ 

sfiovv  comhosifron  ‘>t  ftca/ffy  cane 
„  ,,  i  mo  fired  cane 


0\ 


.t-  '^VAU  .) 


<XW  f  •; '  A  ^  o  vj^\  t).  a  vj  o  '\  j. 


,  Y  ^  /A 


EFFE(  T  OF  YELLOW  STRIPE  OR  MOTTLING  DISEASE. 


61 


roiitinually  overlap,  thus  showing  normal  dift'ereiioes.  as  should  be 
expeeted  in  different  samples  even  of  canes  earefullv  selected  to 
eliminate  individual  variations.  Tliere  i.s  not  shown,  or  even  sug¬ 
gested.  a  preponderance  on  the  part  of  any  of  the  sets  of  samples 
upon  the  other.  The  slight  differences  between  the  levels  of  the  lines 
of  averages  in  favor  of  the  healthy  cane  cannot  serve  as  the  basis 
of  a  conclusion,  in  ^dew  of  the  lack  of  uniformity  in  the  variations 
in  the  individual  groups.  The  same  comments  apply  with  equal 
force  to  the  sucrose  and  reducing  sugar  curves  in  Diagram  V.  Dis¬ 
cussing  further  the  curves  plotted  from  Table  V.  we  find  again  the 
increased  acidity  present  in  the  diseased  canes,  in  spite  of  the  fact 
that  the  average  for  reducing  sugars  in  these  canes  is  .slightly  lower. 
Again  this  olfers  the  suggestion  that  the  slight  increase  in  acidity 
has  not  been  enough  to  cau.se  inversion. 

It  should  be  noticed  here  as  well  as  in  the  curves  constructed 
from  Table  III  that  in  fully  50  per  cent  of  the  cases  compared  the 
curves  show  an  equal  or  lower  glucose  ratio  for  the  disea.sed  canes, 
a  proof  that  the  increase  in  acidiD’  has  not  been  enough  to  produce 
inversion.  This  may  be  seen  by  comparing  tlie  positions  of  corre¬ 
sponding  points  for  sucrose  and  reducing  sugars  in  each  group  of 
samples.  Thus,  in  Graph  III  and  referring  to  groups  number  4.  6.  7 
8  and  9  the  distances  from  the  base  line  to  the  points  in  the  re¬ 
ducing  sugar  curve  for  diseased  canes  show  a  lower  ratio  to  the 
distance  from  the  base  line  to  the  points  in  the  sucrose  curve  of  these 
canes  than  the  ratio  shown  by  the  distances  indicated  by  the  corre¬ 
sponding  points  in  the  curves  for  healthy  cane.  Eemember  that  in 
only  eight  cases  is  this  comparison  possible  as  there  were  no  reducing 
sugar  determinations  made  in  healthy  cane  groups  1  and  10.  Refer- 
ing  now  to  Graph  V  and  groups  number  6.  7.  9  and  10.  the  ratios 
between  the  distances  from  the  base  line  to  the  points  in  the  red 
curve  for  reducing  sugars  and  the  distances  from  the  base  line  to 
the  corresponding  points  in  the  red  line  for  sucrose  is  lower  than 
the  ratios  shown  by  corresponding  i^airs  of  points  on  the  black  curves 
for  i  educing  sugars  and  sucrose,  while  in  gi’oups  number  11  and 
12.  these  ratios  are  practically  the  same. 

The  two  tables  show  rather  conclusively  that  whether  you  take 
plant  canes  or  ratoons  the  juice  of  the  canes  remain  practically  tm- 
aff’ected  by  the  disease,  (except  for  a  slight  increa.se  in  acidity  notice¬ 
able  in  the  juice  of  diseased  canes),  even  when  the  stalks  have  become 
affected,  provided  that  they  preserve  their  rind  whole,  and  no  cracks 
have  been  formed. 
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Table  VI — Series  F. 

COMPARATIVE  ANALYSES  OF  CANES  IN  AN  ADVANCED  STAGE  Or 
THE  MOTTLING  DISEASE  AND  OF  CANES  SHOWING  ONLY  THE 
FIRST  SYMPTOMS. 

In  the  former  the  stalks  were  badly  cankered,  showing  cracks  at  intervals,  while 
in  the  latter  only  the  leaves  were  mottled,  the  stalks  being  in  good  condition. 
In  the  following  the  terms  ‘  ‘  cankered  ’  ’  and  ‘  ‘  mottled  only  ’  ’  will  be  used  to 
distinguish  between  them.  No  glucose  determinations  were  made  for  lack  of 
reagents. 

RATOONS. 


Brix  I 

Sucrose 

j  I’urity 

Group  No. 

Oankered 

Mottled  1 
oulv  1 

i 

Cankered 

IMottled 

only 

j  Cankered 

IMottled 
on  !y 

1-F . . . 

13.79 

17.39  1 

9.74 

15.76 

70.63 

90  62 

2  -F . 

18.71 

16.89  ' 

17.34 

15.07 

92  67 

89.21 

H-F . 

14.86 

17.56  I 

11.78 

16.05 

79  27 

91 .40 

4-F.. . 

17.1.3 

17.23  ! 

15  42 

14.97 

i  90.00 

86.88 

5-F . 

13.79 

15.89  ! 

10  50 

13.30 

76.14 

83.70 

Averages . 

15.656 

16.992 

12.956 

15.030 

82.766 

88.453 

Table  YI  affords  an  opportunity  of  comparing  diseased  canes 
with  fissures  in  their  stalks,  with  mottled  canes  having  sound  stalks. 
The  differences  again  stand  out  clearly  showing  the  effect  of  the 
cracks,  it  should  be  observed  that  aside  of  the  cracks  and  the  stripes 
shown  by  the  stalks,  these  canes  were  well  developed,  and  that  in 
some  of  the  samples  the  cracks-  were  more  numerous  than  in  others. 
This  accounts  for  the  good  showing  made  by  two  of  the  samples.  The 
averages,  be.sides,  show  appreciable  differences.  It  is  to  be  regretted 
that  more  samples  of  this  type  could  not  be  secured,  but  the  time 
available  for  the  work  was  short,  and  searching  for  the  few  scat¬ 
tered  sampies  of  this  sort  that  could  be  obtained  in  the  place  proved, 
to  be  a  time-consuming  operation. 

The  curves  plotted  to  represent  the  variations  shown  by  this 
table  hardly  need  any  more  comment  than  what  has  been  said  in 
connection  with  the  table  itself.  The  difference  between  the  lines 
of  averages  is  enough  to  point  out  the  direction  in  which  the  changes 
occur.  In  the  samples  where  the  number  of  cracks  was  noticeable 
the  difference  in  sucrose  is  striking,  as  shown  by  points  in  positions' 
1,  3  and  5.  The  two  points  showing  a  high  sucrose  content  serve 
as  further  proof  of  the  conclusion  reached,  as  tbev  were  tlie  samples, 
v.dtli  only  a  small  number  of  cracks. 
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EFFECT’  OF  YELLOW  STRIPE  OR  MOTTLING  DISEASE.  G3 

The  results,  further  more,  corroborate  those  obtained  by  Mr.  Vila, 
and  shown  in  Table  II. 

SUMMARY. 

1.  Parallel  analyses  of  healthy  cane,  cane  with  mottled  leaves,, 
and  canes  with  leaves  mottled  and  stalks  affected  by  the  disease  but 
not  cracked,  conducted  during  the  spring  of  1919,  failed  to  show 
any  difference  in  the  sugar  content  of  the  canes  compared.  A  slight 
gain  in  acidity  was  obserA^ed  on  tlie  part  of  the  cankered  canes.  The 
canes  used  Avere  of  the  Eayada  variety. 

2.  A  second  series  of  parallel  analyses  using  CaAmngerie  cane  and 
substituting  canes  with  the  stalks  cracked  for  the  cankered  canes  with 
the  stalks  whole  revealed  higher  acidity,  lower  sucrose  content^  and 
in  the  cases  where  tests  were  made,  a  higher  content  of  reducing 
sugars  in  the  cankered,  cracked  canes.  No  differences  that  deserve 
mention  were  noticed  on  comparing  the  canes  with  mottled  leaves 
Avith  the  healthy  ones,  except  for  a  slight  tendency  toward  a  higher 
acid  content  shown  by  the  former. 

3.  Comparisons  between  healthy  canes  and  canes  with  leaves  mot¬ 
tled  but  unaffected  stalks  conducted  in  December,  1919,  did  not  show 
any  constant  differences  in  sucrose,  or  reducing  sugars,  but  again 
the  increased  acid  content  of  the  mottled  canes,  though  small  was 
noticeable. 

4.  Comparative  analyses  of  diseased  canes  having  their  stalks 
affected,  but  not  cracked,  with  healthy  canes,  using  both  plant  cane 
and  ratoons  performed  in  December,  failed  again  to  show  any  ap¬ 
preciable  differences  in  their  juice  composition  as  regards  sugar  con¬ 
tent;  the  acidity,  hoAvever,  showed  a  slight  increase  in  the  diseased 
cane. 

5.  A  series  of  experiments  conducted  to  compare  diseased,  can¬ 
kered  canes  having  the  stalks  cracked,  Avith  diseased  canes  having 
sound  stalks  shoAved  loAver  sucrose  content  and  loAver  purity  in  the 
former. 

CONCLUSION. 

The  general  conclusion  is  forced  by  the  facts  as  revealed  by  these 
series  of  analyses  that  the  mottling  or  yellow-stripe  disease  does  not 
affect  materially  the  sugar  content  of  the  juice  of  canes  attacked 
with  the  disease,  except  in  an  indirect  way,  when  the  stalks  become 
cracked  as  a  result  of  the  drying  up  of  the  stalk.  In  this  case  the 
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exposure  of  the  inner  tissues  brings  about  fermentation,  as  in  the 
case  of  any  other  mechanical  injury  received  by  the  stalk  bad  enough 
to  cause  cracking  of  the  rind,  with  the  subsequent  increase  of  acidity, 
inversion,  and  loss  of  sucrose.  There  is,  however,  a  tendency  on 
the  part  of  diseased  canes  to  show  an  increase  in  the  acid  content 
of  the  juices,  but  this  increase  is  not  serious  enough  to  cause  inver¬ 
sion,  except  in  very  acute  stages  of  the  disease,  and  after  the  stalks 
have  become  cracked  as  a  result  of  being  badly  cankered. 


INFECTION  AND  NATURE  OF  THE  YELLOW  STRIPE 
DISEASE  OF  CANE  (MOSAIC,  MOTTLING,  ETC.) 

By  J.  Matz. 

INTRODUCTION. 

In  December,  1918,  the  writer  began  studies  of  this  disease  in 
Porto  Rico.  The  following  is  a  summary  of  experiments  and  histo¬ 
logical  studies  made  during  a  period  of  twelve  months.  Owing  to 
the  conflicting  views  among  investigators  regarding  the  nature  of 
this  disease  there  could  not  be  obtained  much  guidance  as  to  any 
one  deflnite  line  of  investigation  to  follow  out,  so  that  even  previous 
experiments  carried  out  by  others  had  to  be  repeated  in  order  to 
gain  a  clear  path  for  any  line  of  investigation. 

In  reviewing  the  literature  on  this  disease  it  was  found  that  al¬ 
though  the  disease  has  been  recorded  to  have  appeared  in  cane  fields 
which  were  previously  known  to  be  free  from  any  visible  signs  of 
it,  yet  there  is  hardly  any  records  of  exact  observations  of  its  trans- 
missibility  to  known  healthy  plants.  There  is  no  doubt  that  a  large 
part  of  the  spread  of  the  disease  is  due  to  the  use  of  infected  seed, 
but  it  is  also  an  undeniable  fact  that  new  or  secondary  infections 
occur.  This  is  supported  by  records  of  observations  made  in  Porto 
Rico,  Java,  Hawaii  and  Cuba.  It  would  be  erroneous  to  assume 
that  health}"  cane  showing  new  cases  of  yellow  striping  had  in  ac¬ 
tuality  the  disease  in  such  a  dormant  state  as  not  to  show  its  symp¬ 
toms  up  to  a  period  of  several  months  or  more.  Tests  as  to  dormancy 
were  made,  at  the  beginning  of  this  work  here,  with  seed  pieces  from 
cane  which  were  in  a  not  advanced  stage  of  the  disease.  Portions 
of  these  canes  were  cut  into  pieces  having  one  or  two  eyes  each  and 
placed  in  glass  moist  chambers  for  germination.  The  cane  and 
glass  chambers  were  sterilized  to  remove  molds  and  bacteria.  In 
forty-five  trials,  using  cane  from  three  different  sources,  not  a  single 
case  was  found  where  the  symptoms  of  the  disease  were  not  ob¬ 
servable  in  the  unfolding  leaves  in  the  shoots  of  diseased  seed. 
Diseased  seed  always  produced  diseased  plants;  in  other  words,  if 
the  disease  is  present  in  the  cane  it  will  sliow  up  at  an  early  stage  in 
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the  leaves,  by  its  characteristic  symptoms.  Further  tests  along  this 
line  were  made  by  planting  diseased  seed  pieces  in  sterilized  and  un¬ 
sterilized  soil,  in  pots.  Here  the  results  were  the  same  only  with  a 
slightly  higher  accentuation  of  the  symptoms  in  unsterilized  soil  due 
to  the  fact  that  the  seed  piece  breaks  down  quicker  by  the  aid  of 
ferments  and  fungi  which  sometimes  abound  in  such  soils,  thus 
aiding  in  the  stunting  and  deterioration  of  the  young  buds.  In  the 
unsterilized  soil  the  young  shoots  became,  in  addition  to  the  yellow 
striping,  speckled  with  a  reddish  tinge,  and  formed  a  shorter  stem 
with  the  leaflets  growing  in  more  or  less  of  whorls. 

There  is  the  possibility  of  the  symptoms  being  so  faint  as  to 
evade  detection  to  the  casual  observer.  The  various  symptoms  oi 
the  disease  on  different  varieties  of  cane  have  been  described  in  pre¬ 
vious  publications,  and  it  is  plain  that  the  disease  can  be  recognized 
in  all  instances.  However,  the  Avriter  had  under  observation  four 
plants  in  pots  AAdiieh  showed  only  an  occasional  thin  stripe  of  a 
darker  green  on  a  field  of  lighter  green.  These  plants  were  kept 
up  in  good  condition  having  applied  to  them  a  liberal  amount  of 
nitrate  Avith  frequent  Avatering.  The  symptoms  of  yelloAV  stripe  al- 
Avays  existed  in  these  plants  in  the  older  canes  but  in  a  rather  less 
pronounced  form.  The  young  shoots,  however,  which  occassionally 
come  up  at  the  bases  of  these  canes  show  the  symptoms  more  dis¬ 
tinctly.  Other  plants,  diseased,  and  growing  under  the  same  con¬ 
dition  close  to  the  above  show  the  disease  very  clearly  and  distinctly. 
On  the  other  hand  the  same  variety,  Crystalina,  is  known  to  produce 
clearly  distinct  symptoms  upon  its  becoming  diseased  in  the  field. 
The  above  four  plants  are  kept  for  further  observations.  A  degree 
of  severity  exists  in  the  different  fields  and  in  individual  cane  plants. 
The  severity  of  the  disease  depends,  as  has  already  been  observed  by 
others,  on  varietal  resist ence,  length  of  time  the  disease  is  propagated 
in  a  given  plant,  and  local  conditions  under  which  the  cane  is  grow¬ 
ing.  In  an  infection  experiment  conducted  in  the  greenhouse  of  the 
Insular  Experiment  Station,  mention  of  AAdiich  Avas  made  in  last 
year’s  report,  the  ''canker”  stage  AA^as  observed  to  have  occurred  in 
a  cane  in  three  months  from  the  time  AA-hen  the  first  signs  of  the 
disease  Avere  noticed.  This  is  contrary  to  vieAVS  held  by  others,  i.  e., 
that  it  takes  a  certain  number  of  generations  for  the  canker  stage 
to  arise.  It  Avas  really  the  general  unfavorable  conditions  for  the 
groAvth  of  the  plant,  as  it  Avas  groAvn  for  almost  a  year  in  a  five- 
gallon  tin  can,  that  helped  the  canker  stage  to  be  shoAvn  up  sooner. 


IXFECTIOX  AXD  XATUEE  OF  A’ELLOW-STRIPE  DISEASE. 


07 


IXFECTIOX  EXPERIMENT.S. 

I.  Contact. 

During  the  first  part  of  this  year  experiments  siicli  as  have  been 
tried  by  others  have  been  repeated  in  order  to  gain  an  intimate 
knovledge  of  the  behavior  of  the  disease.  Healthy  and  diseased 
pVmts  were  planted  together  in  the  same  pots;  healthy  and  dis¬ 
eased  seed  pieces  were  split  in  half,  and  then  a  diseased  half  and  a 
healthy  half  were  fastened  together  and  planted.  There  were  no 
transmi.ssions  of  the  disease  to  the  healthy  plants.  The  healthy 
plant,  though  in  contact  with  the  diseased  plant,  has  not  contracted 
the  disease.  The  healthy  seed  prodnced  healthy  shoots  right  along¬ 
side  the  diseased  seed  and  shoots  in  the  same  pot.  Healthy  seed 
pieces  were  watered  with  water  in  which  diseased  cane  was  allowed 
to  stay  for  some  time.  No  infection  occnrred. 

An  experiment  was  made  to  find  out  if  the  disease  conld  be  trans¬ 
mitted  through  the  roots.  Diseased  tissue  was  fastened  onto  the 
root  eyes  of  healthy  seed,  so  that  the  growing  rootlet  may  come  in 
contact  with  the  cut  surface  of  the  diseased  tissue.  Eight  of  the 
healthy  seed  pieces  germinated  and  the  shoots  were  healthy.  After 
four  months  in  the  pots  two  shoots  of  the  healthy  seed  showed  s^unp- 
toms  of  yellow  stripe.  The  experiment  was  repeated  but  gave  nega¬ 
tive  results.  The  fact  that  the  symptoms  were  belated  in  showing  up 
would  indicate  that  the  two  plants  became  infected  through  another 
source.  There  were  diseased  cane  in  the  greenhouse. 

Another  experiment  was  made  in  the  following  manner :  Healthy 
and  diseased  seed  pieces  were  cut  to  contain  three  dormant  buds 
each.  The  middle  buds  were  carefully  cut  out  with  a  sharp  knife. 
Care  was  taken  to  make  the  cut  at  least  one-half  inch  on  all  sides 
from  the  bud,  in  order  to  leave  uninjured  root  eyes  and  some  tissue 
for  the  growth  of  the  bud.  The  buds  from  the  healthy  seed  were 
then  inserted  in  the  diseased  seed  in  the  places  of  diseased  buds  and 
the  buds  of  the  diseased  seed  were  inserted  in  the  healthy  seed.  Prac¬ 
tically  all  of  the  buds  germinated  and  from  the  first  no  transfer 
of  the  disease  was  observed  to  have  taken  place  either  in  the  healthy 
seed  with  the  diseased  buds  or  in  the  healthy  buds  inserted  in  the 
diseased  seed.  The  grafts  thus  made  did  not  live  long  but  the  seed 
in  which  they  were  inserted  developed  sound  shoots  from  their  origi¬ 
nal  two  remaining  buds.  It  was  thought  that  by  bringing  in  contact 
the  cut  ends  of  the  vascular  systems  of  diseased  and  healthy  cane  a 
transmission  of  the  disease  might  take  place.  But  no  infection  oc¬ 
curred  in  this  experiment. 
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11.  Juice. 

Experiment  1. — On  April  16,  an  experiment  was  made  in  the 
folowing  manner :  Five  cane  plants  of  about  8  months  old,  growing 
in  five-gallon  tin  cans  in  the  greenhouse  of  the  Insnlar  Experiment 
Station  were  examined  and  fonnd  free  from  any  symptoms  of  yel¬ 
low-stripe  disease.  Each  of  these  plants  consisted  of  one  single  stalk 
of  ahonf  one  inch  in  diameter  and  averaging  about  three  feet  in 
height.  At  the  bases  of  each  were  one  or  more  shoots  of  ahont  six 
inches  in  height.  These  shoots  also  were  free  from  yellow-stripe 
disease  symptoms.  The  five  stalks  were  cut  hack  leaving  stumps  of 
about  four  inches  above  ground,  the  shoots  were  left  as  they  were. 
Juice  from  a  yellovr-striped  piece  of  cane  was  pressed  out  and  in¬ 
jected,  with  a  hypodermic  needle,  into  the  stumps  near  the  surface 
of  the  ground.  On  April  28  typical  symptoms  of  yellow  stripe  was 
observed  in  the  lower  parts  and  along  the  mid  ribs  of  the  central 
leaves  of  two  shoots  in  two  out  of  the  five  pots.  At  first  only  a  few, 
larger,  light  green,  narrow  areas  were  noticed ;  later  these  light  green 
areas  spread  all  over  the  leaves  and  they  became  patterned  with  short 
alternating  light-green  and  green  stripes.  In  one  of  the  two  pots 
which  showed  infection  on  the  28th  of  April  there  were  two  shoots  at 
the  base  of  the  old  stalk  but  only  one  shoot  showed  infection  on  that 
date;  however,  about  a  week  later  the  other  shoot  became  infected. 
In  three  months  the  infected  stalks  have  become  more  or  less  shrunken 
at  the  internodes  and  showed  typical  cases  of  the  ^‘canker”  stage. 
The  other  three  plants  remained  free  from  the  disease  throughout 
the  experiment  which  lasted  ten  months.  In  this  and  later  experi¬ 
ments  the  positions  of  the  plants  were  noted  and  they  were  kept  in 
the  original  places  throughout. 


The  Position  of  Plants  in  Experiment  1. 


Plants  inoculated  April  16 

No.  1 

No.  2 

No.  3 

No.  4 

No.  5 

April  28 . 

free 

diseased 

free 

diseased 

free 

Experiment  2. — On  May  1  a  similar  experiment  was  made  in  the 
same  greenhouse  with  similar  plants.  Twenty  plants  were  inoculated 
with  juice  from  diseased  cane  and  20  were  left  uninoculated  as  checks 
On  May  14  two  of  the  inoculated  plants  showed  the  symptoms  of  the 
yellow  stripe  disease.  These  plants  are  marked  ‘‘D”  in  the  next 
table. 
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The  positions  of  the  pots  in  this  experiment  were  thus: 


Bench  1 : 

Inoculated _  1234  56789  lOD 

Cheek _  1234  56789  10 

Bench  2. 

Inoculated _  123  4D  56789  10 

Check _  1234  56789  10 


Experiment  3. — On  the  same  date  as  the  last  experiment  10 
plants  were  cut  back  only  a  little  above  the  growing  point,  5  of  these 
were  inoculated  in  the  cut  surface  of  the  top  by  injecting  diseased 
juice  with  a  hypodermic  needle,  and  5  were  left  as  checks.  All  of 
these  have  remained  free  from  the  disease. 

Experiment  4. — On  May  2,  25  healthy  stools  about  three  months 
old  were  transplanted  from  the  field  to  the  greenhouse  in  pots.  The 
plants  were  cut  back  as  in  the  first  two  experiments  and  8  of  these 
were  inoculated  with  diseased  juice  and  tissue;  that  is,  in  addition 
to  the  injection  of  juice,  pieces  of  diseased  cane  were  forced  into 
small  holes  in  the  stems.  All  25  plants  remained  free  up  to  October 
when  one  of  the  checks  developed  the  yellow-stripe  disease  symptoms. 
It  must  be  stated  that  the  four  plants  which  developed  the  disease 
in  the  first  experiments  were  of  a  lot  of  cane  which  were  more  mature 
than  the  last  25  plants.  In  order  to  test  this  point  18  seed  pieces 
of  mature  Crystalina  cane  were  cut  to  one  or  two  eyes,  12  of  these 
were  inoculated  near  the  base  of  the  bud,  by  boring  a  hole  into  the 
seed  piece  three-ciuarters  inch  deep  and  directly  into  it  was  pressed 
juice  from  diseased  cane,  and  6  v^ere  inoculated  in  the  same  way 
with  healthy  cane  juice.  All  were  planted  in  pots  and  placed  in 
the  greenhouse. 

Experiment  6. — ^At  the  same  time  35  Crystalina  stools  in  a  field 
that  has  just  been  cut  were  inoculated  with  juice  in  the  stubble  near 
the  bases  of  sprouting  buds.  In  both  of  these  last  two  experiments 
not  a  single  positive  ease  developed.  The  plants  in  the  pots  were 
transplanted,  after  four  months  in  the  greenhouse,  to  an  open  field, 
and  up  to  the  present  no  signs  of  the  disease  have  become  visible. 

NATURAL  AND  SECONDARY  INFECTION. 

Experiment  7. — During  the  time  when  the  above  experiments 
were  made  there  has  not  come  to  the  writer’s  notice  a  case  of  second- 
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ary  infection  in  the  greenhouse,  nor  were  there  any  such  cases  re¬ 
ported  previously.  This  was  rather  strange  as  secondary  infections 
were  being  picked  up  every  two  or  three  weeks  in  the  adjacent  cane 
fields.  The  greenhouse  was  not  “insect  proof.”  In  order  to  make 
sure  that  secondary  infections  do  occur  in  known  healthy  cane,  48 
seed  pieces  from  three  healthy  and  mature  Crystalina  canes  were 
planted  in  pots  and  placed  in  the  greenhouse.  After  two  months 
from  germination  three  of  the  48  showed  symptoms  of  yellow-stripe 
disease.  However,  these  three  plants,  together  with  a  number  of 
others  of  the  same  lot,  were  on  the  ground  instead  of  on  a  bench. 

Experiment  5.— -So  another  series  of  50  seed  of  three  healthy 
white  Otaheita  cane  were  planted  in  pots  and  all  were  placed  on 
clean  benches.  In  about  three  months  from  germination  one  of  two 
shoots  from  two  separate  seed  pieces  in  the  same  pot  became  dis¬ 
tinctly  diseased. 

Experiment  9. — Ten  cane  stools  having  been  cut  back  and  trans¬ 
planted  from  the  field  to  pots  in  the  greenhouse  have  been  allowed 
to  grow  for  four  months.  These  showed  no  signs  of  yellow-stripe 
disease  during  that  period.  At  the  end  of  four  months  they  were 
cut  back  and  allowed  to  sprout  again.  One  shoot  began  to  show 
yellow-stripe  disease  in  the  unfolding  leaves,  and  in  two  weeks  the 
entire  stool  became  diseasd. 

Experiment  10. — ^On  May  15  five  healthy  stools  in  five  pots  were 
inoculated  with  diseased  juice  in  the  stalks  near  the  root  crowns. 
Up  to  September  no  symptoms  of  yellow-stripe  disease  have  devel- 
nped.  During  the  first  part  of  September  the  plants  were  all  cut 
back  and  allowed  to  sprout  up  again,  and  two  plants  began  to  show 
the  yellow-stripe  disease  in  the  central  unfolding  leaves  of  their 
shoots.  It  is  assumed  that  these  were  secondary  infections.  It  is 
of  interest  to  note  the  development  of  the  disease  in  one  of  these  pots. 

The  position  of  the  row  of  pots  on  the  bench  was  thus :  1  2  3  4  5. 

Numbers  2  and  5  became  diseased.  No.  5  had  two  small  cepas  of 
5  to  7  shoots.  Both  cepas  came  out  from  two  original  buds  on  the 
sides  of  a  single  seed  piece.  At  first  one  cepa  showed  the  disease, 
the  symptoms  of  yellow  stripe  appearing  first  in  one  shoot  and  then 
in  another  until  all  became  visibly  infected.  In  about  three  weeks 
the  second  cepu  became  diseased,  and  again  a  gradual  spread  of  the 
disease  from  one  shoot  to  another  was  observed.  In  all  of  these  shoots 
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the  central  leaves  always  showed  the  symptoms  first.  It  appears 
that  the  disease  gradually  communicates  from  one  shoot  to  another 
through  a  common  channel. 

It  is  quite  certain  from  observations  made  on  healthy  and  dis¬ 
eased  plants  grown  in  close  contact  with  one  another,  that  mere  sur¬ 
face  contact  does  not  transfer  the  disease  to  healthy  plants.  In  the 
greenhouse  a  row  of  10  diseased  plants  were  placed  alongside  of  a 
row  of  10  healthy  plants,  allowing  for  contact  between  the  healthy 
and  diseased  leaves,  and  not  a  single  case  of  new  infection  resulted. 
However,  during  the  late  part  of  the  summer  a  healthy  plant  which 
was  adjacent  to  a  diseased  one  in  the  greenhouse  became  diseased. 
This  is  the  first  case  of  its  kind  in  the  greenhouse,  its  occurrence 
should  rather  be  layed  to  an  outside  agent  rather  than  to  its  being 
elose  to  a  diseased  plant. 

The  occurrence  of  yellow  stripe  in  the  greenhouse  has  been  in 
all  features  similar  to  the  way  it  works  in  the  field.  It  attacks  the 
young  shoots  and  it  is  sporadic  in  location,  it  picks  out  a  plant  here 
and  there  only  and  there  is  not  a  general  spread  taking  in  complete 
areas.  In  the  field  a  new  infection  may  sometimes  be  observed  on 
large  cane,  but  from  personal  and  elose  watch  of  the  plants  in  the 
greenhouse  secondary  infection  on  more  or  less  grown  cane  has  not 
been  seen. 

The  following  conclusions  can  be  drawn  from  the  above  observa¬ 
tions;  first  that  healthy  cane  from  healthy  seed  became  infected  with 
the  yellow-stripe  disease;  and  secondly  that  the  disease  has  been 
transferred  artificially  to  healthy  plants  in  four  cases  at  least.  It 
should  be  observed  that  in  both,  Xos.  1  and  2  experiments,  the  disease 
showed  up  in  about  two  weeks  from  inoculation  and  there  were  no 
other  new  infections  in  the  other  plants  in  the  greenhouse  at  that 
time.  However,  the  exact  method  to  insure  takes  is  not  known  as 
yet.  The  prevailing  idea  that  insects  are  the  carriers  of  this  disease 
is  highly  plausible,  but  the  writer  has  not  taken  up  this  phase  of 
the  problem. 

HISTOLOGICAL  STUDIES. 

Histological  studies  of  yellow-striped  cane  were  made  with  the 
view  to  determine  if  possible  in  what  way  the  disease  affects  the 
tissue  of  the  host.  A  search  for  abnormalities  in  the  interior  of  the 
cane  stalk  and  leaves  of  diseased  plants  was  made.  Tissue  from  dis- 
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eased  mature  cane  stalks,  from  underground  parts,  from  growing 
points  and  from  leaves  were  cut  with  a  sharp  razor  free  hand  and 
with  the  microtome.  In  studying  microscopic  sections  of  the  outer 
cankered  tissues  of  j^ellow-striped  cane  it  was  noticed  that  sometimes 
the  parenchyma  as  well  as  collenchyma  cells  of  the  discolored  areas 
possess  very  distinct,  single,  spherical,  darkly  colored  and  dense  pro¬ 
toplasmic  bodies.  At  first  glance  these  resemble  spore  bodies  of 
some  organism.  (Fig.  1  a,  1.)  These  bodies  were  also  found  in  the 
centre  of  diseased  cane.  In  searching  in  the  tissues  of  non-yellow 
striped  cane  it  was  found  that  these  bodies  also  exist  in  parenchyma 
cells  there.  It  was  found  in  the  base  of  a  young  stalk  which  was 


Fig.  1  a. — Dense  and  deeply  colored  nuclei  in  cane  tissue  near  the 
rind.  Drawing  of  a  free-hand  section  from  a  yellow-stripe  dis¬ 
eased  stalk.  (  X  150.) 


injured  by  a  mechanical  agent,  it  was  found  in  the  cells  of  roots  of 
non-yellow  striped  cane  and  in  the  injured  part  of  a  stalk  of  cane 
of  the  same  nature.  It  seems  clear  enough  that  under  certain  con¬ 
ditions  of  growth  the  nuclei  of  certain  cells  become  dense  and  deeply 
colored  and  give  the  appearance  of  dense  granulation  when  influ¬ 
enced  by  an  inhibitory  or  injurious  factor.  Sections  of  tissue  con¬ 
taining  the  spherical  bodies  refered  to  above  could  not  be  perma¬ 
nently  mounted  in  the  usual  waj"  as  alcohol  dissolves  those  bodies. 
'When  placing  a  free  hand  section  in  alcohol  the  spherical  bodies 
become  vacuolated  and  ultimately  disappear  from  view,  only  a  very 
thin  wall  being  left. 
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Paraffin  sections  of  the  uppermost  nodes  of  yellow-striped  and 
healthy  cane  were  made.  It  was  observed  that  a  difference  in  the 
appearance  of  their  respective  tissues  existed  (Figs.  2,  3,  and  4). 


In  the  diseased  tissues  some  of  the  parenchyma  cells  between  the 
fibro-vascular  bundles  were  filled  with  a  protoplasm  which  was  dense 
and  finely  granulated,  the  bundles  showed  apparently  the  same  sub- 
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stance  in  the  sieve  tubes  and  vessels/  while  in  the  cells  of  the  healthy 
cane  the  fibro-vascnlar  bundles  were  free  and  the  parenchyma  be¬ 
tween  the  bundles  contained  scattered  and  coarser  grannies.  The 
last  named  are  common  in  cut  and  exposed  portions  of  young  grow¬ 
ing  parts  of  cane. 

Leaves  of  about  the  same  age  of  healthy  and  yellow-striped  cane 
were  studied.  Figures  5  and  6  show  a  striking  difference  in  the 
appearance  of  the  two.  The  healthy  leaf  in  cross  section  shows  no 
abnormality  except  slight  shrinkage;  in  the  diseased  leaf  some  of 


Fig.  2. — Photograpli  of  a  vascular  bundle  from 
near  the  growing  point  of  yellow-stripe  dis¬ 
eased  cane,  showing  the  finely  granular  sub¬ 
stance  in  the  vessels.  (XoO.) 


the  epidermal  cells,  especially  near  the  stomata,  and  some  internal 
cells  show  dense  contents  which  is  colored  slightly  brown,  and  which 
is  similar  in  appearance  to  the  abnormalities  found  in  the  cells  of 
the  cane  .stem.  It  seems  that  a  foreign  plasmodinm-like  substance 
is  apparently  present  in  the  cells  of  the  yellow-striped  cane  leaf  and 
stem  tissue. 

^  The  'nTiter  has  of  late  seen  specimens  of  cane  affected  with  gum  disease  due  to  Bac¬ 
terium  vascidarum.  This  disease  is  distinctly  different  from  the  yellow-stripe  disease,  the 
gum  of  the  former  is  yellow  and  full  of  bacteria  which  are  easily  cultured.  No  slimy  exu¬ 
dation  occurs  in  yellow-stripe  disease. 
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Further  research  along  this  line  revealed  the  presence  of  the 
above  plasm  ic  substance  more  constantly  and  in  a  more  defined  form 
in  ‘‘cankered”  cane  stalks.  In  investigating  the  histology  of  “can¬ 
kered^’  cane  a  feature,  which  has  not  been  mentioned  before  in  the 
literature  on  the  subject,  has  been  noticed.  Cankers  have  been  char¬ 
acterized  as  exterior  symptoms  consisting  of  a  few  outer  layers  of 


Fig.  3. — Photograph  of  a  cross  section  through  a  growing  point  of 
yellow-stripe  diseased  cane.  Note  the  character  of  the  paren¬ 
chyma  cells  and  compare  with  Pig.  4. 


deteriorated  cells,  but  in  reality  one  may  find  separate  and  distinct 
pockets  of  brown  to  reddish-brown  tissue  deep  in  the  interior  through¬ 
out  cankered  cane.  More  often  such  a  discolored  region  may  be 
found  in  the  form  of  a  short  streak,  several  centimeters  in  length, 
usually  very  close  to  the  rind  of  the  stalk,  but  these  streaks  are  not 
always  exposed  as  they  are  found  even  where  no  breaking  of  the 
outermost  layers  of  cell.s  has  taken  place.  Together  with  these  dis- 
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tinctly  brownish-colored  areas  there  may  also  he  present  in  the 
interior  of  stalks  small  longitudinal  and  light-colored  areas  where 
the  parenchyma  cells  have  entirely  collapsed  and  leaving  an  empty 
cavity  of  a  millimeter  or  more  in  width  and  of  variable  length. 
Microscopic  sections  of  the  discolored  areas  in  yellow-striped  cane 
stalks  show  that  some  parenchyma  cells  are  full  of  a  more  or  less 


Fig.  4. — Photograph  of  a  cross  section  through  a  growing  point  of 
a  healthy  cane  stalk.  (X  50.) 


hardened  or  compact,  densely  but  finely  granulated,  and  slightly 
browned  plasm.a,  (Fig.  7.)  Usually  there  are  small  groups  of  a  few 
cells  thus  filled,  but  it  is  not  uncommon  to  find  only  a  single  cell 
(Pig.  8),  full  of  the  granular  material  while  the  surrounding  cells 
only  show  a  slight  brownish  discoloration  in  their  walls.  This 
phenomenon  is  common  in  older  portions  of  more  or  less  full-grown 
cankered  cane,  especially  where  an  alteration  in  color  exists  in  the 
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stem  tissue.  It  lias  also  been  observed  in  leaf  sheaths  of  yellow-stripe 
diseased  cane.  Here  it  is  found  in  slightly  depressed  areas  on  the 
inner  side  of  apparently  uninjured  leaf  sheaths.  It  seems  that  the 


Figs.  5  and  6. — Upper  figure  is  a  pliotograpli  of  a  cross 
section  through  a  yellow-stripe  diseased  cane  leaf. 

The  lower  figure  is  a  photograph  of  a  cross-section 
through  a  healthy  cane  leaf.  (  X  100.) 

plugging  of  parenchyma  cells  in  this  manner  is  a  diagnostic  feature 
peculiar  to  yellow-stripe  disease. 

Free  hand  sections  and  sections  from  tissue  which  was  fixed  and 
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killed  and  imbedded  in  paraffine,  from  internal  portions  of  can¬ 
kered  cane,  were  treated  in  the  nsnal  way,  i.  e.,  dehydrated  with 
alcohol  and  cleared  with  X3dol.  The  cells  which  contained  the  dense 
and  finely  grannlated  substance  did  not  lose  it  in  the  process  of 
mounting. 


Fig.  7. — Photograph  of  a  longitudinal  section  through  a  node  of  yel¬ 
low-stripe  diseased  and  cankered  cane,  showing  a  group  of  plasma- 
filled  cells  at  X.  (X50.) 

In  examining  these  sections  wfith  the  microscope  it  is  at  once 
..arent  that  the  granular  substance  is  made  np  of  a  mass  of  small 
x-yaline  bodies  more  or  less  uniform  in  size.  However,  their  exact 
size  and  form  could  not  be  ascertained,  due  to  the  fact  that  the 
whole  mass  is  in  the  form  of  a  compact  plasma.  The  hyaline  bodies 
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which  are  dotted  throughout  the  mass  are  less  than  one  micron  in 
length  in  sections  from  freshly  cut  cankered  cane.  They  more  nearly 
resemble  nuclear  granules  in  a  mass  of  cytoplasm.  They  are  less 
clearly  defined  than  masses  of  bacteria. 

Early  attempts  to  induce  growth  development  in  agar  from  the 
above  plasma-filled  cells  have  failed.  It  was  thought  advisable  to 
observe  the  condition  of  cankered  cane  in  more  than  one  stage. 


Fig.  8. — Photograph  of  a  section  through  an  interior  canker  of  yellow-stripe  dis¬ 
eased  cane,  showing  in  the  center  and  near  the  lower  left-hand  corner  single 
cells  filled  with  finely  granular  plasma.  (  X  250.) 


Therefore  such  cane  was  collected  from  three  different  parts  of  ^e 
Island,  south  coast,  north  coast,  and  northeast  section.  The  local 
and  scattered  plasma-filled  cells  were  found  in  the  cane  from  t]' 
three  parts  mentioned  and  in  the  varieties  Rayada,  Cavengerie  or  re. 
cane  and  otlier  kinds.  In  growing  cane  the  condition  of  the  plasma- 
filled  cells  were  similar  in  aU  canes  examined.  Some  of  the  cankered 
cane  was  kept  in  a  covered  chamber  for  ttvo  months,  so  that- the  cane 
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became  devitalized  and  yet  not  mnch  dried  out.  Free  band  sections 
of  this  material  showed  the  grannlar  plasma  material  in  the  paren¬ 
chyma  cells  in  the  same  proportion  as  in  freshly  cnt  cane,  bnt  the 


Fig.  9. — Camera  lucida  drawing  of  a  plas¬ 
ma-filled  cell  in  an  internally  discol¬ 
ored  area  in  yellow-stripe  diseased 
cane  stalk.  (X  333.) 


grannies  in  the  former  were  more  distinct,  irregular  in  form,  elon¬ 
gated  and  somewhat  larger.  In  addition  rotary  movement  of  the 
individual  minute  bodies  within  the  host  ceUs  was  distinctly  notice- 
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able.  It  appeared  that  growth  or  a  separation  into  more  distinct 
individuals  took  place.  It  was  very  clear  from  the  material  at  hand 
that  the  compact  plasma  in  the  cells  of  freshly  cut  cankered  cane  were 
in  every  way  similar  in  appearance  and  distribution  to  the  plasma 
in  the  cells  which  were  seen  in  the  more  devitalized  cane,  only  that 
in  the  latter  more  distinctness  was  observable.  However,  it  was  felt 
that  sugar-cane  treated  in  this  manner  is  bound  to  become  overrun 
with  microorganisms  and  so  more  cankered  cane  was  obtained,  ste¬ 
rilized  in  bichloride  of  mercury  and  kept  in  the  moist  chamber  for 
daily  observation.  It  was  found  that  in  the  course  of  two  days  some 


cankered  cane  showed  a  greater  distinctness  in  the  granulation  of 
the  characteristic  plasma-filled  cells,  and  that  after  eight  days  mo¬ 
tility  was  observed  in  the  plasma  mass.  As  to  the  exact  nature  of 
this  organism  in  the  cankered  cane  cells  nothing  more  definite  can 
be  said  until  more  data  is  obtained  in  the  process  of  investigation. 

In  cane  otherwise  diseased  or  injured  by  borers  or  fungi  a  red¬ 
dish  discoloration  usually  is  found,  but  it  is  more  or  less  continuous 
and  is  confined  more  to  the  vascular  bundles.  Such  bundles  often 
contain  a  'homogeneous  gummy  substance  which  is  not  at  ail  like 
the  substance  in  cankered  cane  parenchjuna  cells.  Discoloration  of 
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parenchyma  cells  in  non-yellow  striped  cane  may  also  occur  but  the 
discoloration  is  not  of  the  same  character  as  in  yellow-stripe  disease 
tissue.  In  cane  diseased  because  of  an  invasion  of  fungi  or  other 
destructive  agents  the  discoloration  is  more  confined  to  the  phloem 
and  vessels  and  to  the  cell  walls  of  parenchyma.  A  red  phloem  and 
gummed  vessels  are  signs  of  wilt  and  decay  due  to  fungi,  bacteria, 
insects  or  mechanical  injury.  A  continuous  cavity  in  the  pith  or 
center  of  the  stalk  is  a  common  effect  of  fungus  invasion. 

Further  work  is  being  done  and  planned  with  the  view  to  clear 
up  some  of  the  phases  of  the  problem  of  yellow-stripe  disease. 


Fig.  11. — Drawing  of  a  section  of  yellow-stripe  diseased  cane  tissue  two  months 
after  the  cane  was  cut.  (-X  400.) 


From  a  study  of  the  internal  structure  of  cankered  cane  it  is 
clear  that  actual  deterioration  and  breaking  down  of  cells  in  the 
interior  of  cane  in  an  advanced  stage  of  the  yellow-stripe  disease 
takes  place.  This  effect  is  due  to  no  other  cause  than  to  the  destruc¬ 
tive  action  of  the  infective  substance  of  yellow-stripe  disease,  as  there 
is  apparently  no  connection  between  these  interior  sick  cells  and 
other  outside  mechanical  or  organized  agencies.  Furthermore,  this 
substance,  resembling  a  Plasmodium,  in  some  of  the  interior  cells  was 
found  to  he  constantly  associated  with  yellow-striped  cane  in  an 
advanced  stage  of  disease. 


INSECTS  AND  MOTTLING  DISEASE. 

By  E.  Gra.'stvood  Smyth,  Chief,  Division  of  Entomology. 

The  fact  has  been  brought  out  by  Professor  Earle,  in  a  preceding 
page,  that  most  previous  investigators  of  the  sugar-cane  mottling  (or 
“yellow  stripe”)  disease,  notably  in  Java  and  Hawaii,  have  dealt 
with  it  as  an  inheritable  bud  variation  and  have  failed  to  recognize 
its  infectious  nature,  or  at  least  to  consider  it  as  an  important  factor 
from  an  economic  standpoint.  Even  in  Porto  Pico  the  infectious  char¬ 
acter  of  the  disease  was  not  recognized  until  the  latter  part  of  1917. 
It  is  not  surprising,  therefore,  that  few  attempts  have  been  made, 
previous  to  the  present  work,  to  demonstrate  a  possible  connection 
between  insect  attack  and  secondary  infection  with  mottling  disease. 

The  laboratory  experiments  detailed  in  this  report  were  started 
in  the  spring  of  1918,  but  had  been  preceded  by  a  considerable  amount 
of  field  work,  made  in  the  districts  where  the  injury  from  mottling 
disease  was  most  acute,  in  attempt  to  ascertain  what  insects  might 
be  concerned  in  the  spread  of  the  epidemic.  In  the  experiments,  four 
successful  inoculations  by  insects  have  resulted,  to  date,  while  no 
control  plants  have  become  diseased,  which  would  seem  to  fasten  the 
responsibility,  in  these  cases  at  least,  upon  the  insects  as  carriers  of 
the  virus.  It  is  felt,  however,  desirable  to  obtain  duplications  of 
the  few  positive  results  before  conclusion  may  be  safely  drawn  that 
insects  are  a  principle  means  of  communicating  the  disease.^ 

The  idea  that  insects  might  carry  the  disease  in  Porto  Rico  found 
its  origin  in  the  knowledge  of  a  number  of  unique,  well-established 
facts : 

1.  Mottling  disease  is  spread  not  alone  by  planting  infected 
“seed,”  but  may  easily  communicate  itself  to  plants  germinated  from 
healthy  cuttings.  Experimental  evidence  tends  to  show  that  this 
spread  of  infection  takes  place  neither  through  the  soil  nor  by  phy¬ 
sical  contact. 

2.  Such  natural  agencies  of  spread  of  disease  as  wind  and  surface 
water  cannot  account  for  the  equal  and  general  spread  of  mottling 
disease  in  all  directions  from  infected  to  healthy  plants. 

^  Since  the  above  vas  vrritten,  two  additional  plants  have  become  mottled  (diseased)  as 
result  of  the  attack  of  virus-bearing  Stenocranus  saccharivorus,  and  three  others  have  shown 
positive  secondary  infection  (inoculation)  in  cages  containing  both  cane-fly  and  yellow  aphis. 
No  control  plants  have  yet  become  diseased. 
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3.  Secondary  infection  is  by  no  means  confined  to  the  plants  im¬ 
mediately  adjacent  to  diseased  plants,  but  may  occur  on  isolated 
plants  at  considerable  distance  from  the  seat  of  infection. 

4.  The  rate  of  spread  varies  greatly  with  the  season,  not  appar¬ 
ently  in  conformity  with  any  seasonal  abundance  of  wind  or  rainfall, 
nor  with  the  amount  of  irrigation  or  cultivation,  but  in  possible  (if 
not  probable)  conformity  with  the  seasonal  abundance  of  certain 
insect  pests. 

5.  Some  very  similar  diseases  of  other  cultivated  plants,  notably 
those  known  as  virus  diseases  (such  as  mosaic  diseases,  spinach  blight 
and  sugar-beet  curly-leaf)  have  been  proven  to  be  carried  by  in¬ 
sects;  and  in  the  case  of  some  of  them  there  has  been  found  no  other 
means  of  communicating  the  disease  than  by  insects. 

6.  The  two  classes  of  insects  proven  to  act  most  commonly  as 
vectors  of  virus  diseases — the  leafhoppers  and  the  plant-lice — are  well 
represented  among  sugar-cane  pests,  and  are  often  abundant  in  cane 
fields  of  the  Island. 

The  accompanying  tables  (Tables  I  and  II)  give  the  names  and 
hosts  of  a  number  of  plant  diseases  occurring  in  the  States  that  have 
proved  to  be  transmitted,  at  least  in  part,  by  insects.  An  attempt 
has  been  made  to  show  in  these  tables  what  characteristics  the  cane 
mottling  disease  has  in  common  with  other  insect-borne  diseases,  and 
in  what  important  details  it  differs  from  one  or  another  of  them. 

Field  Evidence  in  Support  op  Insect  Transmission. 

From  such  data  as  has  been  accumulated  from  field  trips  over 
the  Island,  it  appears  that  there  is  no  single  species  of  cane-infesting 
insect  or  mite  sufficiently  common  and  prevalent  in  all  districts,  and 
at  all  seasons,  where  the  disease  is  present  and  spreading,  to  account 
for  the  very  general  ^Aun”  of  epidemic  that  has  occurred. 

If  it  shall  later  develope  that  several  insects  are  concerned  in  the 
spread  of  the  disease — and  the  results  of  our  experiments  to  date 
lead  to  that  belief — then  we  may  possibly  attribute  the  spread  of 
the  epidemic  to  one  or  another  prevalent  pest  in  each  district  where 
spread  has  been  in  progress.  For  instance,  during  periods  of  most 
rapid  spread  in  the  Guanica  and  Ponce  districts,  the  yellow  thripe 
has  been  the  prevailing  cane  pest,  and  in  fact  the  only  one  present 
in  large  numbers  on  both  young  and  mature  cane,  and  therefore 
the  only  one  which  might  account  for  wholesale  secondary  infection 
in  both  young  and  mature  cane.  Rapid  spread  of  mottling  disease  ob¬ 
served  on  numerous  occasions  in  the  Arecibo  section  might  have  been 
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blamed  upon  the  green  leafhopper.  which  occurred  in  all  fields,  par¬ 
ticularly  of  youDg  cane.  On  some  occasions,  local  rapid  spread  ol 
the  disease  has  been  observed  to  occur  simultaneously  with  abun¬ 
dance  of  the  yellow  cane  aphis,  and  this  has  seemed  at  the  time  sig¬ 
nificant.  The  spread  of  mottling  disease  in  fields  of  the  experiment 
station  at  Eio  Piedras  has  occurred  usually  at  times  when  there  was 
considerable  cane-fiy  present  in  the  fields,  but  no  other  cane  pest 
that  seemed  to  be  able  to  account  for  the  spread. 

In  the  following  paragraphs  will  be  discussed  briefiy  the  cane 
insects  which  may  be  suspected  of  having  possible  connection  with 
spread  of  the  mottling  disease,  from  a  judgment  based  purely  upon 
field  observations. 

Cane  Insects  as  Possible  Carriees  of  ^Mottling  Disease. 

THE  YELLOW  c.AXE  THRLPS  (FranJcJinklla  sp.). 

This  small  thrips  has  been  observed  for  the  past  two  years  to 
be  very  abundant  on  young  to  half-grown  sugar  cane  in  fields  on 
the  south  coast,  in  the  Guanica  and  Ponce  districts.  It  is  most  preva¬ 
lent  in  the  winter  season,  which  is  the  time  during  which  spread  of 
the  disease  is  most  rapid.  It  is  the  only  cane  pest  of  those  districts 
that  has  been  found  universally  present,  in  large  numbers,  in  both 
young  and  mature  cane,  being  considerably  more  abundant,  how¬ 
ever,  in  the  young  cane.  The  ratio  of  its  numbers  in  young  and 
mature  cane  bears,  in  fact,  a  striking  similarity  to  the  proportion 
of  secondary  infection  in  young  and  mature  cane.  These  thrips  lay 
their  eggs  in  the  cane  leaves,  and  breed  in  large  numbers  between 
the  terminal,  young,  unfurkd  leaves,  where  their  attack  scarifies  the 
leaf  surface  along  the  midrib,  near  the  base  of  leaf,  causing  white 
scars  that  later  turn  brown.  Young  plants  two  to  three  feet  in 
height  often  bear  dozens  of  the  thrips  among  their  terminal  leaves, 
which  are  not  very  visible  except  by  tearing  open  the  terminal  bud; 
and  it  has  been  noted  that  the  first  evidence  of  mottling  on  a  young 
plant  usually  occurs  near  bases  of  the  terminal  leaves  in  the  region 
showing  attack  by  this  thrips. 

This  insect  has  not  been  noticed  in  abundance  in  other  parts  of 
the  Island,  though  on  one  occasion  it  was  found  in  young  canes  in 
a  field  at  Eio  Piedras,  during  a  dry  spell,  which  indicates  that  it 
may  also  occur  at  other  points  along  the  north  coast  at  some  seasons. 
The  adults  are  strong  fliers,  and  could  spread  rapidly  to  other  parts 
of  a  field  from  a  few  infected  canes.  Such  search  as  has  been  made 
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Table 

A  SUMMARY  OF  OUR  KNOWLEDGE  OF  INSECT-BORNE 


Name  of  Disease 

Principal  Economic 
Hosts 

Other  or  Wild  Host 
Plants 

1 

1  Nature  of 
i  Disease 

1.  Hawaiian  Cane  •‘Root  Disease”  {ItJiy- 
phallus  coralloides) . 

Sugar  cane . 

Lantana  and  other 

Funffus . 

roots. 

2.  White  Pine  Blister  Rust  {Cronartium 
ribicola) 

5 -leaved  pines  (18 
spicies). 

Ribes spp . 

i  Fungus . 

3.  Chestnut  Blight  {^Endothia  parasitica). 

Chestnuts  and  chin- 

1  Fungus 

quepin, 

4.  Currant  Stem  Blight  {Botryosphaeria 

ribis). 

5.  Tree-cricket  Canker  {Leptosphaeria 

coniotlierium) . 

Currant  and  goose¬ 
berry. 

Raspberry  (“Cane 
blight”). 

Wild  spicies  of  Ribes 

Apple,  rose  and  elm. 

Fungus . 

!  Fungus . 

6.  Apple  Bitter-rot  {Glomerella  cingu- 

lata). 

7.  Tomato  Leaf-spot  {Septoria  lycoper- 

sici).  {2) 

Apple,  pear,  peach, 
grape,  quince. 
Tomato . 

Citrus,  cocoa,  coffee, 
mango,  etc. 

j  Fungus . 

Fungus . 

I 

8.  Carnation  Bud-rot  {Sporotrichum 

poae). 

9.  Internal  Disease  of  Cotton  Bolls  (4  un¬ 

determined  fungi). 

10.  Fire  Blight  {Bacillus  amylovorus) . 

Carnation . 

June  grass  {Poa 
pratensis). 

Over  15  plants  in  7 
families. 

Fungus . 

Cotton . 

■  Fungus . 

Pear,  quince,  apple, 
apricot. 

1  Bacterial... 

11.  Bacterial  Wilt  of  Cucurbits  {Bacillus 
trachHpMlus). 

Cucumber,  squash, 
melon,  gourd. 

Wild  cucurbits . 

Bacterial. .. 

12.  Sugar  Beet  Curlv-top . 

Sugar  beet . 

14  known  plants  in  8 
families. 

Not  yet  determined.. 

W.  rustica,  Jimson 

Virus . 

13.  Spinach  Blight . 

Spinach . 

Virus . 

14.  Tobacco  Mosaic  Disease . 

Tobacco,  tomato, 
pepper,  petunia, 

Irish  potato . 

Virus . 

15.  Potato  Mosaic  Disease . 

weed,  and  Hyos- 
cyamus  niger. 

Virus . 

16.  Cucumber  Mosaic  Disease . 

Cucumber,  pumpkin, 
squash  cantaloupe 
Irish  potato,  apple, 
raspberry. 

Sugar  cane,  corn?. 

Gourd . 

i  Virus . 

Dahlia  and  box- 

I  (?) . 

17.  Potato  Hopperburn  ^ . 

18.  Sugar  Cane  Mottling  Disease . 

elder 

Sorghum,  foxtail. 

Virus  (?)... 

rice?,  millet? 

crabgrass  and 
Panicum.  (5) 

(*)  A  continuation  -will  be  found  in  Table  II,  following.  These  data  haTe  been  taken 
from  such  sources  as  were  available  to  the  writer,  and  an  attempt  was  made  to  make  them  as 
complete  as  possible,  for  purposes  of  comparison.  The  arrangement  of  the  diseases  is  one 
of  convenience  only.  A  bibliography  of  the  more  important  writings  on  insect  transmission 
of  plant  diseases  will  be  found  at  the  end  of  this  article,  on  page  112.  The  vacant  spaces  and 
question  marks,  in  this  table,  serve  to  show  how  imperfect  is  our  knowledge  of  the  entire 
subject  of  insect  transmission  of  plant  diseases,  and  how  great  the  need  of  research  work 
along  this  line  to  aid  in  solving  important  problems  of  disease  control.  The  deficiency  of 
results  from  past  endeavors  to  demonstrate  insect  transmission  of  disease  shows,  furthermore, 
how  faulty  is  our  system  of  technical  training  as  regards  a  proper  appreciation  of  the  close 
co-ordination  of  pathology  and  entomology. 

(1)  IManner  of  transmission  of  the  spores  or  virus  by  insects  concerned.  By  the  terra 
cyclical  is  meant,  substantial  proof  that  the  inoculum  of  disease,  taken  internally,  must  un- 
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I.C) 

DISEASES  OF  PLANTS  OCCURRING  IN  AMERICA. 


Proven  Insect  Transmitters 

Insect  Carriers 
of  Viable  Spores 

Probable  or  Suspected 
Insect  Carriers 

(Urediniospores)  Lepidop. 
larvae;  rose  beetle;  ants; 
stink-bugs;  a  weevil. 

Sarcophavid  and 
Muscid  flies. 

Any  insect  com¬ 
ing  in  contact 
with  spores. 

Anv  insect  com- 

Ants;  a  beetle;  sow-bugs; 
earwigs. 

(Aeciospores)  Portheiria 
dispar  and  Pissodes. 

Leptostylus  maeulata, 
a  beetle. 

Psenocerus  supernotatus, 
a  beetle. 

<27  n  i.g  r  i  c  o  r  n  i  s  : 
CE.  exclamationi  s; 
bees  to  the  fruit. 

Tree-crickets;  fruit 
frequenting  insects. 

Flea-beetles  and  leaf 
frequenting  insects. 

A  Tarsonemid  mite.  Pedi- 
culopsis  graminum. 

ing  in  contact 
with  spores. 

CEcanihus  niveus;  CE.  an- 
gustipemiis. 

Pomace  flies  {DrosopMli- 
dae). 

Same . 

Same . 

Potato  beetle;  to¬ 
mato  horn-worm; 
a  lady-beetle. 

Dysdereus  spp.,  Xezara, 
Lnptogloxsus.  Phthin. 
Scolytus  rugulosus;  bees; 
aphids;  Lygus  prateyisis; 
Emponseo  mali. 
Diabrotica  vittata  and  D. 
duodecimo  punctata. 

Eutettix  tenella . . . 

Same  . 

Same . 

Ceresa  6w6aii.«;  wasps, 
flies,  ants,  thrips,  borers, 
tree-crickets,  Elateridae 

Same . 

No  other . 

Alacrosiphum  solanifoliae; 
Rhopalosiphumpersicae; 
Aphis  rumicis;  Lygus 
pratensis. 

Rhopalosiphum  persicae; 
Macrosiphuin  tabaci. 

Rhopalosiphum  persicae 
and  another  aphid. 

Aphis  gossypii . 

Flea-beetles;  some  sucking 
insects. 

Empoasco  mali . 

1 . 

No  other . 

Yellow  cane  thrips;  shot- 
hole  borer. 

W.  I.  cane-fly;  leaf  scale: 
vellow  aphis ;  mealvbug. 
(6). 
y' 

1 . 

1 

Mechanical 
or  1 

Cyclical  (1) 

Externally 
or  by 

Ingestion  (1) 

Dis¬ 

ease 

Mechanical 

Both.. .  . 

1 

Mechanical 

Probably 

2 

both 

Mechanical 

Both.. . . 

3 

Mechanical 

(?) . 

4 

Mechanical 

Both.. . . 

5 

Mechanical 

Both.... 

6 

Mechanical 

Both.... 

7 

(?) . 

(?) . 

8 

Mechanical 

(?) . 

9 

(?) 

Probably 

Both.. . . 

10 

mechanical 

Mechanical; 

Both.. . . 

11 

doubtfully 

cyclical 

Apparently 

In  ges- 

12 

cyclical 

tion 

Possibly 

Apparently 

13 

both  (3) 

both 

(?) . 

(?) . 

14 

(?) . 

(?) . 

15 

(?) . 

(?) . 

16 

(?) . 

(?) . 

17 

(?) . 

(•?) . 

18 

dergo  a  period  of  incubation  before  it  becomes  infectious  to  a  healthy  plant,  which  is  taken 
as  evidence  that  it  undergoes  some  change,  perhaps  cyclical,  within  the  body  of  insect. 

(2)  The  same  insects  are  reported  also  as  carrying  the  spores  of  early  blight,  Alterna- 
ria  solani,  that  attacks  also  potato. 

(3)  The  fact  that  the  virus  of  this  disease  may  be  inherited  through  several  generations 
of  the  aphid  gives  grounds  for  belief  that  the  transmission  is  of  a  cyclical  nature. 

(4)  It  bas  not  yet  been  determined,  according  to  the  author  of  the  investigations,  whether 
this  malady  is  a  specific  disease,  though  it  gives  evidence  of  being  one. 

(5)  The  list  of  host  plants  of  the  cane  mottling  disease  is  taken  from  the  bulletin  by 
E.  W.,  Brandes,  not  from  the  present  publication. 

(6)  As  noted  in  the  text,  the  apparent  transmissions  resulting  from  attack  of  the  four 
insects  here  listed  are  considered  to  require  to  be  experimentally  repeated  before  the  evidence 
against  these  insects  i,'?  conclusive. 
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Table 

A  SUMMARY  OF  OUR  KNOWLEDGE  OF 

(Continuation 


Disease 

1  . 

Length  of  time  insect  j  w 

can  carry  inoculum  .  «  ^  H 

1  .C  ^  ' 

Other  means  of 
natural  dissemination 

1  Hawaiian  Cane  “Boot  Disease” . . . 

2  White  Pine  Blister  Rust . 

6  to  18  hours  internally. 

(?) . 

No. . . . 

-No.... 

No.... 

No.... 

No.... 

No.... 

No ... . 

(?).... 

(?).... 

(?).... 

No. . . . 

No.... 
Yes . . . 

(?).... 

(?).... 

(?).... 

(?)  .... 
(?)  .... 

Mechanical  spread  of 
mjmelium. 

Wind;  rain;  animals; 

birds;  nursery  stock. 
Wind;  rain;  animals; 

birds;  nursery  stock. 
Wind . 

3  Chestnut  Blight . 

(?) . 

4  Currant  Stem  Blight . 

(?) . 

5  Tree-cricket  Canker . 

Over  20  days  exter¬ 
nally;  6)4  hours  to  5 
days  internally. 

C) . 

(?) . 

6  Apple  Bitter-rot . 

Wind  and  rain  from 
cankers  and  mummies. 
Hands  of  pickers;  wind 
and  rain. 

(?)  . 

7  Tomato  Leaf-spot . 

(?) . 

8  Carnation  Bud-rot . 

(?) . 

9  Internal  Disease  of  Cotton  Bolls.. 
10  Fire  Blight . 

(?).., . 

None  known. . 

(?) . 

Rain;  unsterilized  tools; 
nursery  stock;  infected 
primings  . 

Rarely  by  root  contact .. 

None . 

11  Bacterial  wilt  of  Cucurbits . 

Over  winter . 

12  Sugar  Beet  Curlv-top . 

Over  111  davs . 

13  Spinach  Blight . 

For  4  successive  gene¬ 
rations  . 

(?) . 

None  known . 

14  Tobacco  Mosaic  Disease . 

Hands  of  pickers;  con¬ 
tact  of  leaves. 

Mosaic  tubers;  througR 
the  S'lil. 

None  known . 

15  Potato  Mosaic  Disease . 

(?) . 

16  Cucumber  Mosaic  Disease . 

(?) . 

17  Potato  Hopperburn.  . 

(?) . 

Apparently  none . . 

18  Sugar-cane  JMottling  Disease . 

(?) . 

Cuttings . 
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II. 

INSECT-BORNE  DISEASES  OF  PLANTS. 

from  Table  I.) 


Successful  methods  of 
artificial  inoculation 

Disease  transmitted 
through  soil 

Transmitted 
by  vegetative 
reproduction 

Infectious  by 
contact 
or  handling 

I  Disease 

Bv  mvcelium  onlv  . 

Yes . 

No  ... 

Principally.. . 

No . 

1 

Bv  spore  germination . 

No . 

No.... 

No . 

Urediniospores 
on  currant. 

2 

Bv  spore  germination . 

No . 

No. . . . 

No . 

No . 

3 

Bv  spore  germination . 

No . 

No  . . . 

Bv  cuttings. . . 

4 

With  the  excrement  of  tree- 
crickets  . 

No . 

No.... 

No . 

• 

No . 

5 

Bv  spore  germination . 

No . 

No. . . . 

No . 

By  spore  contami¬ 
nation. 

6 

Bv  spore  germination . 

No . 

No _ 

No. . 

Verv . 

1 

>ione  performed . 

No . 

(?).... 

No.... 

(?) . 

(?) . 

8 

None  . 

No . 

No . 

No . 

9 

Spraying  »ir  rubbing  with 

No . 

No. . . . 

No . 

!  Rarelv . 

10 

spore-laden  material . 

Needle  pricks:  water  suspen¬ 
sion  of  spores  poured  over  i 

Rarely,  when  roots 
are  Injured. 

No.... 

No . 

No . 

11 

soil . 

By  grafting:  no  other . . . 

No . 

No. . . . 

Y'es . 

No . 

12 

Needle  pricks:  juice  of  crush¬ 
ed  virus-bearing  aphids. 

No . 

No. . . . 

Would  be . 

Y’es.  if  tissue  is 
crushed. 

13 

Needle  pricks:  rubbing  or 
spraying  with  virus. 

Barely,  when  roots 
are  injured. 

No.... 

Would  be . 

Verv . 

14 

Injection  of  or  rubbing  with 
virus. 

Yes . 

(?).... 

Principally.. . 

Yes.  if  tissue  is 
crushed. 

15 

Needle  injections:  contact  of 
virus  with  wounds. 

No . i 

1 

(?).... 

Would  be . 

Y'es.  if  tissue  is 
crushed. 

16 

None . 

No . 

No.  . 

No . 

No . 

17 

(See  preceding  articles  by  the 

No . 

(?).... 

Principally.. . 

No . 

18 

pathologists). 
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has  failed  to  reveal  the  presence  of  this  species  on  “malojillo” 
{Eriocliloa  siibglabra) ,  the  common  grass  of  the  cane  fields,  but  it 
is  altogether  probable  that  the  species  may  breed  in  some  wild  grasses 
as  well  as  in  cane,  and  this  fact  will  be  determined. 

THE  w^EST  INDIAN  CANE-FLY  {Stenocranus  saccharivorus  Westw.). 

This  green  plant-hopper  is  very  generally  distributed  over  the 
Island  in  the  cane  fields,  but  seems  never  to  become  abundant,  due, 
it  is  believed,  to  the  activity  of  its  natural  enemies.  These  consist 
principally  of  three  parasites  (a  Stylopid,  a  Mymarid  and  a  Dryinid) 
and  a  common  grass  lizard  (Anolis  pidchellus) .  Because  of  the  close 
relationship  of  this  insect  to  the  sugar-cane  leafhopper  of  Hawaii 
{Perkinsiella  smcharicida  Kirk.),  which  has  been  accused  of  caus¬ 
ing  the  destructive  rind  disease  to  a  great  extent  in  those  islands, 
it  is  plausible  to  believe  that  it  might  become  a  factor  in  the  distri¬ 
bution  of  cane  mottling  disease  in  fields  where  it  becomes  fairly 
prevalent.  That  the  cane-fiy  is  capable  of  very  great  increase  in 
numbers,  and  of  correspondingly  serious  damage  to  cane,  in  situa¬ 
tions  where  it  is  not  kept  in  check  by  rain,  high  wind,  and  other 
natural  elements  of  the  weather  in  addition  to  its  natural  enemies, 
has  been  shown  by  its  phenomenal  increase  in  the  experimental 
greenhouse  of  the  experiment  station,  and  in  certain  screen-covered 
breeding  cages,  where  it  has  often  literally  covered  the  undersides 
of  cane  leaves,  and  caused  by  its  copious  secretion  of  honey-dew 
a  growth  of  black  mold  that  smothered  the  lower  leaves  of  the  plants. 
As  a  cane  pest,  it  must  be  considered  an  element  of  great  potential 
danger  in  connection  with  possible  spread  of  mottling  disease,  if  not 
from  its  own  injuries  to  cane. 

THE  YELLOW  SUGAR-CANE  APHIS  {SipJia  flava  Forbcs) . 

This  small  insect  is  a  source  of  danger,  in  connection  with  the 
spread  of  disease,  not  alone  from  the  fact  that  it  is  quite  prevalent 
and  generally  distributed  in  cane  fields,  and  often  becomes  so  abun¬ 
dant  as  to  assume  the  proportions  of  an  epidemic,  but  also  from 
the  fact  that  it  is  closely  related  to  certain  insects  (also  aphides) 
that  are  known  to  carry  virus  diseases  in  other  plants.  Such  dis¬ 
eases,  transmitted  by  aphides,  are  the  tobacco  mosaic,  the  spinach 
blight,  and  the  potato  mosaic.  The  yellow  aphis  has  been  found 
prevalent  in  a  number  of  fields  where  mottling  disease  was  present 
and  spreading;  but  there  have,  at  the  same  time,  been  fields  subject 
to  spread  of  the  epidemic  where  the  yellow  aphis  was  not  found;  so 


INSECTS  AND  MOTTTIXG  DISEASE. 


91 


that  iudictmeut  of  this  insect  from  field  observations  alone  is  not 
permissible. 

THE  GREEN  SUGAR-CANE  LEAPHOPPER  {EoUa  SWliUs  Walk.). 

This  bright  green  leafhopper,  because  of  its  prevalence  in  fields 
of  young  cane  in  nearly  all  parts  of  the  Island,  was  one  of  the  first 
to  fall  under  suspicion.  Its  close  relationship  to  the  leafhoppers 
that  transmit  cuiTy-leaf  of  sugar  beets,  and  hopper-burn  of  potato, 
in  the  United  States  is  added  reason  for  placing  it  among  the  species 
worthy  of  investigation.  In  the  laboratory  this  insect  has  been 
reared  from  egg  to  adult,  generation  after  generation,  on  sugar  cane, 
and  the  frequent  finding  of  nymphs  on  sugar  cane  in  the  fields  adds 
to  the  belief  that  it  breeds  on  cane  commonly,  though  perhaps  to 
a  greater  extent  on  Para  grass  {Panicum  tardinode)  and  ‘‘malo- 
jillo”  {EriochJoa  siidglahra) ,  its  wild  food  plants. 

The  two  facts  which  throw  question  on  the  possibility  of  this  in¬ 
sect  carrying  the  disease  are :  first,  the  fact  that  it  occurs  commonly 
only  on  cane  under  three  feet  high,  and  rarely  on  half-grown  cane, 
but  almost  never  on  mature  cane,  whereas  secondary  infection  may 
take  place  in  cane  of  any  age;  and  second,  the  fact  that  all  experi¬ 
mental  tests  (and  there  have  been  more  with  this  than  with  any 
other  species)  have  failed  to  demonstrate  its  ability  to  carry  the 
disease. 

THE  SUGAR-CANE  SHOT-HOLE  BORER  {XyUdoniS  Sp.). 

This  very  small  boring  beetle  was  observed  by  the  writer,  two 
years  ago,  to  be  present  and  infesting  the  seed  sections  from  which 
were  sprouting  some  young  canes  in  the  Guanica  district  that  were 
highly  infected  with  mottling  disease.  It  was  stated  by  the  field 
manager  that  the  seed  had  come  from  healthy  cane ;  and  observation 
showed  that  there  was  no  older  mottled  cane  in  immediate  vicinity, 
though  fields  of  mature  cane  at  distances  of  a  quarter  to  half  mile 
from  the  young  cane  were  considerably  infected.  As  this  insect  is 
known  to  attack  and  bore  into  live  standing  cane,  particularly  when 
soured  or  unhealthy,  it  seems  not  improbable  that  adults  migrating 
from  mature  mottled  canes  in  cankered  condition,  and  attacking  the 
seed  in  the  ground  before  or  at  time  of  germination,  might  easily 
carry  the  disease  with  them  and  transmit  it  to  the  sprouting  young 
canes.  Experience  in  other  parts  of  the  Island  has  shown  seed-cane 
sections  in  sprouting  condition  to  be  very  often  infested  with  this 
pest,  so  the  chance  of  the  disease  being  thus  caried  may  not  be  re- 
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mote.  Laboratory  tests  mtli  tlie  insect  have  not  yet  been  made.  A 
closely  related  species  of  Xyleboriis  (X.  perforans  Woll.)  has  been 
accused  of  complicity  in  the  spread  of  a  sngar-cane  disease  in  Trini¬ 
dad  (see  Insect  Life,  Yol.  V,  page  51). 

‘  THE  MEALYBUG. 

Of  this  there  are  two  species,  Pseudococcus  calceolariae  Mask, 
and  Ps.  saccJiari  CklL,  which  are  almost  indistinguishable  except  un¬ 
der  a  microscope,  and  are  apparently  about  equally  common.  They 
attack  mature  cane  on  the  stalk  about  the  node,  protected  beneath 
the  leaf  sheaths,  but  on  young  cane  are  confined  largely  to  the  base 
of  plant  and  the  roots.  As  mature  female  mealybugs  do  not  fiy, 
and  crawl  but  very  little,  they  are  wholly  dependent  upon  foreign 
agency  for  their  distribution.  This  takes  place  largely  through  the 
scattering  of  infested  stalks  or  cane  tops  during  the  hauling,  or 
from  scattering  by  hand.  Mealybugs  may  be  carried  also  on  fioating 
fragments  of  infested  cane  on  irrigation  water.  Birds  may  carry 
the  young  on  their  feet,  but  such  dispersion  is  very  limited.  It  is 
claimed  that  ants  carry  live  mealybugs  from  plant  to  plant,  and  thus 
start  new  colonies,  but  this  contention  needs  further  corroboration. 
A  field  may  become  infested  from  insects  that  migrate  upward  onto 
young  plants  from  the  infested  seed  pieces,  and  is  still  more  often  in¬ 
fested  from  the  stubble  of  the  previous  crop,  or  from  grass  or  volun¬ 
teer  cane  in  the  field  that  has  harbored  thousands  of  the  mealybugs 
from  the  preceding  crop.  By  any  of  the  means  here  mentioned,  mealy¬ 
bugs  might  be  able  to  carry  the  mottling  disease  from  a  previous 
to  a  new  crop,,  and  even  to  spread  it  to  some  extent,  if  it  may  be 
shown  that  they  are  able  to  transmit  the  infective  principle  of  this 
particular  disease;  but  it  is  quite  inconceivable  that  an  insect  so 
utterly  dependent  upon  human  agency  for  its  spread,  could  be  re¬ 
sponsible  for  rapid  spread  of  the  disease  in  a  field  planted  entirely 
to  healthy  seed,  and  in  which  a  previous  crop  had  not  been  seriously 
infected — conditions  very  frequently  met  with  in  connection  with 
a  study  of  the  mottling  disease. 

THE  CANE  RUST-MITE  {Tarsonemus  spinipes  Hirst). 

This  very  minute  white  mite  attacks  principally  the  stalk  and 
leaf  sheaths,  where  it  forms  large  clusters  of  very  small,  fiat  brown 
blisters,  that  give  the  plant  tissue  a  scabby  or  scarred  appearance. 
The  mite  infests  new  plants  by  migrating  upward  from  the  infested 
seed  pieces.  Its  bionomics  are  little  known,  but  it  is  possible  that 


INSECTS  AND  MOTTEING  DISEASE. 


98 


the  rust-mite  may  also  be  spread  by  attaching  itself  to  winged  in¬ 
sects  that  frequent  the  cane,  which  may  carry  it  to  new  plants.  This 
is  a  habit  shared  by  many  of  the  mite  pests  of  plants.  Altogether, 
howcTer,  what  has  been  said  of  the  mealybugs,  in  connection  with 
their  possible  agency  in  the  rapid  spread  of  the  mottling  disease, 
may  also  be  said  of  this  pest.  Its  means  of  transportation  are  too 
limited  to  give  it  serious  import  in  this  connection. 

THE  SUGAR-CANE  RED-SPIDER  {Oligonyclius  viHdisf) 

This  very  small  acarid  pest  of  cane,  while  often  abundant  and 
doing  damage  to  cane  foliage  in  our  greenhouse  and  in  rearing  cages, 
has  not  been  noted  as  abundant  at  any  point  in  the  field,  and  is  in 
fact  rarely  seen.  Being  a  sucking  insect,  it  may  be  regarded  as  a 
possible  disease  carrier  when  abundant.  As  its  principal  means  of 
distribution  are  the  wind  and  other  insects,  to  which  it  attaches, 
and  to  some  extent  mechanical  carriage  on  clothing  or  animals,  there 
is  probably  small  chance  of  its  taking  any  part  in  a  general  and 
rapid  spread  of  the  disease. 

THE  CANE  ROOT  MITE  {TJropoduS  Sp.). 

This  pest  was  first  noted  in  the  Arecibo  district  more  than  three 
years  ago  when  maldng  studies  of  the  sugar  cane  in  connection  with 
mottling  disease,  and  has  since  been  found  abundantly  at  Bio  Pie- 
dras  and  in  other  districts.  Its  damage  arises  from  its  attack  on  the 
roots,  which  in  some  cases  it  tunnels  and  severs  to  a  eoniderable 
degree.  Although  diseased  plants  seem  to  be  most  badly  attacked 
by  it  and  the  roots  showing  its  injury  are  in  many  cases  diseased 
and  partly  decayed,  it  has  been  found  attacking  also  healthy  roots, 
so  in  some  eases  .is  believed  to  be  the  primary  cause  of  the  root  decay. 
What  connection  the  root  decay  accompanying  attack  of  this  mite 
may  have  with  the  external  symptoms  which  we  know  as  mottling 
disease  has  not  been  fully  worked  out,  but  is  the  subject  of  inves¬ 
tigation.  This  animal  belongs  to  a  group  of  mites  which  possess  the 
habit  of  attaching  themselves  to  beetles  as  a  means  of  transportation 
and  distribution. 

THE  FIRE-ANT  {Solsnopsis  gemiftata  Pabr.). 

This  is  the  commonest  species  of  ant  in  the  cane  fields  of  Porto 
Bieo,  and  attends  all  species  of  aphis,  scale  and  mealybug.  Some  of 
these  insects  it  even  protects  by  building  earthen  shelters  over  the 
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colonies,  when  these  latter  occnr  on  the  stalk  near  the  ground,  and  it 
will  attack  vigorously  any  intruder  on  the  insect  colonies.  The  pos¬ 
sibility  of  this  ant  carrying  a  disease  mechanically  on  its  feet  or 
body,  as  the  g^^psy  moth  larva  carries  the  white  pine  blister  rust  or 
the  Colorado  potato  beetle  carries  the  early  blight,  is  not  to  be  ig¬ 
nored;  yet  until  the  mottling  disease  of  sugar  cane  is  proven  to  be 
caused  by  a  definite  spore-bearing  organism  capable  of  isolation  and 
of  causing  reinfection  of  the  disease  in  a  healthy  cane  plant,  the 
idea  of  ants  carrying  this  particular  disease  need  not  be  looked  upon 
seriously. 

CHEWING  INSECTS. 

What  has  just  been  said  of  the  fire-ant,  and  of  its  possible  ability 
to  transmit  the  cane  mottling  disease,  may  as  well  be  said  of  the 
majority  of  the  so-called  chewing  insects,  excepting  only  those  which 
by  habit  may  bodily  leave  the  tissue  of  one  plant  and  enter  that  of 
another,  as  does  the  shot-hole  borer  or  the  root  mite.  Of  cane  pests 
like  the  Lepidoptera  that  attack  the  plant  only  in  the  larval  stage 
there  seems,  for  the  present  at  least,  very  remote  possibility  of  the 
infective  principle  being  transmitted  from  larva  to  adult  and  in  turn 
to  the  egg  and  next  generation  larva,  and  by  that  means  reaching 
healthy  plants  from  diseased  ones.  The  idea  of  Lepidoptera  carry¬ 
ing  a  virus  disease  by  any  other  means  seems  still  more  remote,  as 
larvae  seldom  feed  upon  more  than  one  plant,  or  migrate  from  plant 
to  plant,  between  hatching  and  maturity. 

Among  leaf -feeders  like  the  Orthoptera  (grasshoppers  and  crick¬ 
ets)  and  certain  Coleoptera  (beetles),  we  have  to  consider  not  only 
the  possible  transfer  of  the  virus,  or  inoculum,  on  the  mouth  parts, 
by  which  means  it  might  be  carried  from  plant  to  plant,  but  alsa 
the  possibility  of  the  ingestion  of  the  infective  principle  and  its 
later  transfer  to  healthy  plants  with  the  excrement  of  the  insect. 
There  are  plentiful  records  of  the  transfer  by  this  means  of  spore¬ 
bearing  diseases,  but  none  to  our  knowledge  of  such  diseases  as  do 
not  bear  definite  sporing  bodies. 

One  other  element  should  be  considered,  namely,  the  fact  that 
the  chewing  insects,  though  they  include  over  fifty  per  cent  of  the 
cane  pests,  are  very  much  fewer  in  numbers  in  cane  fields  than  the 
smaller,  sucking  insects;  and  during  the  winter  season  one  may 
often  examine  hundreds  of  cane  plants,  even  in  .fields  where  mot¬ 
tling  disease  is  present  and  spreading,  without  noting  any  evidence 
of  the  attack  of  leaf-chewers  or  stalk-borers.  Thus  it  would  seem; 
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difficiilt  to  attribute  a  spread  of  disease,  taking  place  in  all  parts  of 
a  field,  to  insects  that  are  nowhere  in  evidence. 

Wliile  such  a  generally  prevalent  pest  of  sugar  cane  as  the  clianga 
{Scapferiscus  vicinus  Scud.)  may  easily  fall  under  suspicion  as  a 
carrier  of  mottling  disease,  we  cannot  ignore  the  fact  that  the  rapid 
spread  of  the  disease  has  in  no  instance  been  found  to  coincide  with 
the  areas  most  heavily  infested  with  clianga,  and  in  many  fields  of 
heavy  soil  where  no  clianga  was  present  the  disease  has  spread 
alarmingly. 

Experi:uextal  Methods  Employed. 

Some  difficulties  have  been  experienced  in  developing  methods 
for  confining  insects  upon  living  cane  plants — upon  large  numbers 
of  plants — in  such  manner  as  not  to  interfere  with  the  natural 
growth  of  the  plants  nor  to  disturb  their  root  systems.  Our  first 
experiments  having  demonstrated  that  the  transference  of  the  disease 
through  insect  attack  takes  place  rarely,  and  only  under  very  favor¬ 
able  conditions,  it  became  plain  that  we  must  subject  large  numbers 
of  plants  to  insect  attack  in  order  to  entertain  any  hope  of  obtaining 
results.  This  rendered  it  impossible  to  use  the  sort  of  cloth-covered 
cages,  placed  over  field-grown  plants,  that  are  usually  employed  in 
plant-disease  transmission  experiments.  Other  methods  were  there¬ 
fore  devised.  The  following  four  methods  have  proven  satisfactory, 
for  experiments  with  different  kinds  of  insects  or  different  ages  of- 
cane  plants. 

{A)  Screen-covered  cages  3  feet  square  and  6  feet  high,  placed 
over  field-grown  cane,  one  containing  mottled  plants  and  the  others 
healthy  cane.  These  are  adaptable  for  the  larger  insects.  A  number 
of  insects  are  introduced  into  a  cage  with  mottled  cane.  At  end  of 
a  determined  period,  which  may  vary  from  a  few  hours  to  a  number 
of  days,  as  many  as  possible  of  the  insects  are  recaptured  in  the 
cage  containing  diseased  cane,  and  transferred  to  one  containing 
healthy  cane,  where  they  remain  for  another  determined  period  of 
time.  They  are  then  removed  from  cage  and  the  cane  is  watched, 
week  after  week,  for  appearance  of  mottling. 

{B)  Cages  of  same  size  as  preceding,  either  screen  or  cloth  cov¬ 
ered,  but  containing  both  healthy  and  diseased  cane,  planted  simul¬ 
taneously.  TThen  cane  has  reached  a  desired  height,  insects  of  a 
given  species  are  introduced,  and  the  healthy  cane  is  watched  there¬ 
after  for  appearance  of  disease. 

(C)  Insects  collected  on  mottled  cane  in  the  field  are  transferred,- 
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either  individually  or  in  numbers,  onto  single  potted  young  cane 
plants,  germinated  under  cover,  in  confinnement  of  glass  lamp-chim¬ 
neys  or  cylinders  of  fine  wire  screening,  as  the  size  of  the  insect  may 
require.  The  healthy  cane  is  subjected  to  attack  for  a  determined 
interval  of  time,  when  the  insects  are  removed  and  the  cane  trans¬ 
ferred  to  the  open  field. 

(Z>)  Insects  reared  in  confinement  on  mottled  cane  plants,  or  con¬ 
fined  on  mottled  plants  for  a  known  length  of  time,  are  transferred 
to  healthy  young  plants  in  confinement,  as  in  preceding  method. 

Checks  and  Controls. 

Throughout  the  course  of  the  experiments  there  has  been  an  effort 
to  keep  growing,  side  by  side  with  test  plants  and  under  exactly 
similar  conditions  of  growth,  cane  plants  of  the  same  age  which  were 
not  subjected  to  attack  of  insects  previously  fed  on  mottled  cane. 
These  were  the  check  plants,  or  controls,  and  were  of  three  classes: 

(a)  Simple  checks.  Plants  identical  with  test  plants,  but  sub¬ 
jected  to  no  artificial  treatment  whatever. 

(Z>)  Control  plants  Avhich  had  introduced  into  cages  with  them, 
at  same  time  that  insects  Avere  introduced  with  test  plants,  portions 
of  leaves  of  mottled  cane  bearing  no  insects.  These  were  used  usu¬ 
ally  as  check  on  test  plants  with  which  it  was  necessary,  or  conven¬ 
ient,  to  introduce  portions  of  the  plant  bearing  the  insects  from 
mottled  cane,  and  such  controls  were  designed  to  show  that  infection 
had  not  resulted  from  the  portions  of  mottled  plant,  but  from  the 
insects. 

(c)  Control  plants  having  introduced  into  cages  with  them  a 
number  of  insects  equal  to  that  introduced  Avith  the  test  plant  and 
of  same  species  of  insect,  but  the  insects  collected  from  healthy  and 
not  from  diseased  cane. 

In  the  earlier  experiments,  it  Avas  customary  to  groAV  only  one 
or  two  checks,  or  controls,  with  each  series  of  test  plants;  and  a  few 
series  of  test  plants  were,  principally  through  oversight,  unaccom¬ 
panied  by  checks  or  controls.  In  the  later  experiments,  however, 
greater  accuracy  Avas  maintained  in  this  regard,  and  a  check  plant, 
or  control,  Avas  grown  side  by  side  with  every  test  plant. 

It  is  noteAvorthy  that,  while  four  distinct  cane  plants  became 
infected  AAuth  mottling  disease  in  our  experiments,  apparently  as 
result  of  insect  transmission,  no  checks  or  controls  became  similarly 
infected.  (See  foot  note  on  page  83.) 
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Two  control  plants  did  contract  the  disease,  hut  only  by  secondary 
infection,  after  they  had  grown  beside  mottled  plants  in  the  field  for 
periods  of  3  and  S^o  months. 

Secondary  Infection  Among  Experimental  Plants. 

As  has  been  mentioned  in  preceding  discussion,  the  mistifying 
feature  connected  with  secondaiy  infection  is  that  it  is  not  confined 
to  the  plants  growing  immediately  adjacent  to  diseased  plants,  but 
may  occur  on  isolated  plants  at  some  distance  from  the  seat  of  infec¬ 
tion.  That  the  adjacent  plants  are.  however,  most  apt  to  contract 
disease,  or  at  least,  to  contract  it  first,  seems  fairly  well  established. 
In  proof  of  this  statement  may  be  given  our  experience  in  the  plots 
of  experimental  cane  plants  on  the  grounds  of  the  experiment  station. 

As  it  has  been  our  desire  to  prevent  the  disease  from  gaining  a 
foothold  in  station  fields,  efforts  have  been  made  to  avoid  growing 
mottled  canes  outdoors,  in  exposed  situations,  for  any  length  of  time, 
where  they  might  become  a  sotnce  of  secondary  infection.  The  first 
two  canes  that  became  infected  with  mottling  in  our  insect  trans¬ 
mission  experiments  were  never  ti*ansplanted  to  the  field,  as  they 
gave  evidence  of  infection  prior  to  date  of  transplanting.  The  last 
two,  however,  were  ti-ansplanted  to  field  before  attack  of  the  disease 
became  evident:  and  so  it  happened  that  they  were  allowed  to  re¬ 
main.  in  diseased  condition,  among  healthy  plants  for  a  period  of 
three  to  four  months.  They  were  intentionally  left,  as  it  had  seemed 
that  secondaiy  infection  had  ceased  to  occur  at  Eio  Piedras.  As 
result  of  these  two  plants  (Xos,  531  and  577),  however,  secondary 
infection  did  occur,  the  disease  showing  up  simultaneously  in  two 
control  plants  (Xos.  531  a  and  577  a)  that  were  planted  immediately 
adjacent  to  the  test  plants.  The  length  of  time  required  for  sec¬ 
ondary  infection  to  become  evident,  after  the  date  on  which  infec¬ 
tion  had  appeared  in  the  test  plants,  was  three  months  in  the  one 
case  and  three  and  a  half  months  in  the  other. 

It  may  be  remarked  here  that,  five  days  after  the  secondary  in¬ 
fection  had  appeared  in  these  two  check  plants  (on  January  31st:), 
both  they  and  the  two  mottled  test  plants  were  transplanted  to  large 
cans  in  the  green  house,  and  16  days  later  (on  February  16th)  the 
symptoms  of  disease  appeared  in  another  plant  in  the  field,  as  result 
of  secondary  infection.  This  time  it  was  a  test  plant  that  became 
mottled  (Xo.  530),  which  had  stood  next  to  the  mottled  plant  531, 
but  on  opposite  side  of  it,  in  the  row,  from  the  check  plant  (Xo. 
531a). 
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As  for  the  insects  present  in  the  experimental  plat  that  might 
have  been  responsible  for  the  secondary  infection,  there  have  been 
rather  few  species,  and  none  of  them  abundant.  Some  yellow  aphis 
has  been  present  and  some  cane-fly,  and  while  the  plants  were  still 
small  the  green  leafhopper  Avas  very  common.  Presence  of  ants 
{.Solenopsis  geminata)  and  their  earthen  shelters  about  the  roots 
also  indicated  that  some  mealybug  was  present.  No  other  cane¬ 
feeding  insect  than  these  was  seen  on  the  plants.  Of  course,  the 
mealybugs  and  yellow  aphis  originally  infesting  the  plants  had  been 
transferred  along  with  them  to  the  field;  but  of  these  two,  the  yellow 
aphis  had  not  multiplied  on  them,  but  had  gradually  disappeared. 

Another  matter  worthy  of  note,  in  connection  with  a  discussion 
of  secondary  infection,  is  the  fact  that  no  transmission  of  the  disease 
to  canes  in  the  experimental  plat  has  taken  place  in  over  a  year, 
other  than  the  three  plants  mentioned  above,  in  spite  of  the  fact  that 
not  ten  paces  from  the  plat  is  the  greenhouse  in  which  dozens  of 
exposed  mottled  canes  have  been  constantly  growing.  Both  doors 
of  greenhouse  have  been  wide  open  on  many  occasions,  a  ventilator 
in  the  roof  has  been  open  nearly  a  foot,  quite  continuously,  and  the 
two  ends  of  building  are  covered  only  with  a  screening  of  wide  mesh 
(seven  strands  to  the  inch),  leaving  apertures  large  enough  for  the 
cane-fly,  yellow  aphis  and  red-spider,  the  three  worst  pests  in  the 
greenhouse,  to  pass  with  ease.  It  is  difficult  to  see  why  these  three 
pests,  if  capable  of  carrying  the  disease,  should  not  have  carried 
it  from  the  greenhouse  to  the  outdoor  plat  in  a  yearns  time. 

The  idea  that  ants  may  carr.y  the  mottling  disease  seems  also  to 
find  poor  substantiation  from  the  fact  that  screened  cages  containing 
mottled  canes  have  stood  immediately  adjacent  to  the  experimental 
plat  for  more  than  a  year  and  the  ants  have  moved  rather  freely 
through  the  meshes  of  the  screening;  yet  no  secondary  infection  has 
taken  place  from  this  source.  Within  the  greenhouse,  mottled  and 
healthy  plants  have  on  some  occasions  grown  side  by  side  in  a  pot 
or  can  for  months,  both  infested  with  mealybug  and  equally  at¬ 
tended  by  the  ants,  without  any  transference  of  the  disease. 

As  has  been  stated  by  the  pathologists,  some  secondary  infection 
has  taken  place  in  the  greenhouse,  where  over  a  hundred  cane  plants, 
mottled  and  healthy  mixed,  have  been  growing  constantly;  but  this 
infection  has  seemed  small,  quite  out  of  proportion  with  the  great 
abundance  of  insects  in  the  greenhouse,  particularly  of  the  three 
pests  mentioned  in  a  previous  paragraph  (the  cane-fly,  yellow  aphis 
and  red-spider). 
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Eesults  of  the  Traxsmissiox  Experiments.^ 

THE  GREEN  SUGAR-CANE  LEAFHOPPER  {KoUa  simiUs  "Walk.). 

Tlie  first  experimental  tests  made  witli  this  leafliopper  were  by 
method  A.  the  length  of  time  during  which  the  leafhoppers  were 
contined  on  the  mottled  cane  Tarying  from  a  few  hours  to  a  week, 
and  the  number  of  individual  hoppers  employed  varying  from  4  to 
39  (see  Table  III). 

Two  tests  were  made  by  method  B,  48  adults  being  used  in 
each  instance  (see  Exps.  283  and  284  in  Table  IV). 

By  methods  C  and  D,  91  plants  were  tested  with  this  insect, 
using  both  nymphs  and  adults,  the  number  of  individuals  employed 
per  plant  varying  from  1  to  7.  In  some  cases  individuals  confined 
on  healthy  plants  were  of  the  third  and  fourth  generation  that  had 
fed  almost  continuously  upon  mottled  cane. 

The  results  of  aU  experimental  tests  made  with  this  leafhopper 
were  negative. 

Table  III. 


FIRST  CAGE  EXPERIMENTS  WITH  KOLA  SIMILIS  WALK.- 


Date 

Xo.  of 
Adults 

Period  of  Previous 
Feeding  on  Mottled 
Cane 

Results 

J  ulv  25 . 

“  24 . 

18 . ' 

“  2^ . 

39 

i  14 

1  21 

4  ■ 
10 

9 

8 

30 

7)4  hours . 

1  dav . 

2  davs . 

3  . 

Negative. 

26 . 

3  . 

”  22 .  . 

4  . 

“  15 . 

6-7  •  . 

“  16 . 

i  7-8  -  . 

Successful  inoculations,  none. 


^  In  each  case  of  infection  Tvitli  the  mottling  disease  as  result  of  attack  by  insects  in 
confinement,  the  true  presence  of  the  mottling  symptoms  was  verified  hy  at  least  two  other 
experts  of  the  station  staff  in  addiion  to  the  writer,  usually  the  director  and  one  of  the 
pathologists,  Professor  Earle  or  Mr.  Matz. 

-In  these  transmission  experiments  method  A  was  used  (see  page  95,)  and  the  leaf- 
hoppers  remained  on  the  healthy  cane  plants  until  they  died  or  disappeared. 


Table  IV. 

EXPERIMENTS  WITH  KOLLA  SIMILIS  WALK. 
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THE  WEST  INDIAN  CANE-FLY  (Stenocrauus  saccliaHvorus  Westw.). 

Trials  with  this  insect  were  made  mostly  hy  the  last  two  methods, 
C  and  D,  though  two  tests  were  made  hy  using  method  A  (Exp. 
Nos.  316  and  325)  and  four  by  method  B  (Exp.  Nos.  506,  508, 
510  and  512).  A  total  of  87  tests  was  made,  of  which  number  only 
one  test  gave  successful  transmission.  The  plant  that  became  in¬ 
fected,  No.  377,  was  one  of  a  series  of  three  plants,  each  subjected, 
on  ^larch  31st,  to  attack  of  two  adults  taken  from  leaxes  of  mottled 
cane  in  the  greenhouse.  The  plant  showed,  by  April  29,  no  apparent 
signs  of  mottling.  On  May  27,  however,  when  next  examined,  it 
presented  a  very  aggra^mted  case  of  the  disease,  which  must  have 
become  apparent  very  early  in  May. 


Table  V. 

EXPERIMENTS  WITH  STENOCBANUS  SACCHAFJVOBUS  WESTW. 


183-186.. 

4 

9 

1/20 

1  adult . 

11- 

2/17 

1  None 

j 

Xone  . 

187  -  188.. 

2 

1 

^  nvu'phs.  . 

28 

2/17 

189-190.. 

^  2 

L 

1 

6  ‘  .  . 

28 

2/17 

246  -  252.. 

7 

J.  ! 

9  ! 

i  2/17 

1  adult . 

7 

2/25 

254  . 

1 

0 

2/19 

30-^  nvmphs  .  . 

(n) 

3/14 

275  . 

1 

Q 

2/8 

31'^  ••  . 

35 

3/15 

(t 

276-  279.. 

4 

9 

2/24 

1  adult . 

19 

3/17 

:  None  . 

280  . 

1 

1 

^  adults. 

19 

3/17 

316 . 

1 

1. 

Q 

3/14 

100-^  nvmphs . 

(n  ’ 

. 

325  . 

1 

0 

100- 

in) 

326-  329.. 

3 

]^:Sc  1 

10  n vmnhs .. 

(ni 

4/29 

1  Xone  . 

330  . 

1 

0 

1  adult. . . . 

16 

4/10 

<; 

j.  . 

331  -  3-36. . 

6 

“I  i 

1  nviT!i)h.. 

16 

4/10 

j  Xone  _ 

376  -  378.. 

0 

3;31 

2  adult- 

29 

;2 

!  One 

5/27 

383  .... 

1 

0 

4/10 

fi  nvmnhs 

17 

4/2“9 

i  Xone 

384  . 

i  1 

0 

6  adiilt.s. 

17 

4/29 

385  -  387 

:  3 

0 

5 

17 

4/29 

!  “ 

406  . 

1 

0 

4/25 

8  •* ** ***  . 

(D=ed) 

5.33  -  5-36.. 

4 

4 

‘730 

T'’—  nvmphs . 

15 

10/15 

1  None 

Xone  . 

554  -  555 

2 

9 

10/10 

94^ 

20  1 

10/30 

1 

556  -  562 ' 

in.’ii 

12-i- 

P-v  1 

10/17 

t; 

586  -  591 

6 

10/22 

40-^  “  . 

5-r 

10/27 

;  .4 

ii 

600 

1 

1I7-'>3 

Vany  nvmnhs  and  adults 

204-  : 

11/12 

ti 

i 

608-  618 

11 

11* 

10/30 

24-:-  nvmphs . 

1?-V  1 

1  11/12 

iS 

.i 

625-633  . 

9 

9* 

11/12 

30-  “  .... 

12-p 

*  11/24 

1  “ 

tc 

506  -  508 

1  .. 

510-512.. 

:  4 

0 

8/12 

Many  nymphs  and  adults 

ln^ 

1 

!  None 

Total. . 

51 

i  One 

None  . . 

*  Control  plants  of  style  h  used. 

**  Control  plants  of  stjle  c  nsed. 

***  These  plants  rrere  in  an  outdoor  cage. 

(n)  Insects  -were  not  later  remoTed  from  test  plants,  so  exact  length  of  exposure  is  not 
known. 
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THE  MEALYBUGS  {Pseudococcus  calceolariae  Mask,  and  Ps. 
sacchari  CklL). 

Because  of  the  very  close  relationship  and  resemblance  of  these 
two  species — it  being  impossible  to  separate  them  without  micro¬ 
scopic  examination — and  because  their  habits  are  so  nearly  iden¬ 
tical,  no  attempt  was  made  to  distinguish  or  separate  them  for 
experimental  purposes. 

Tests  made  with  mealybugs  were  all  by  use  of  the  last  two  meth¬ 
ods,  C  and  D.  A  total  of  40  tests  was  made,  of  which  number  one 
test  plant  (No.  577)  became  infected  with  mottling  disease,  appar¬ 
ently  as  result  of  transmission  by  the  mealybug. 

This  was  one  of  a  series  of  seven  plants,  each  subjected,  on  October 
21st,  to  the  attack  of  6  adult  female  mealybugs  from  mottled  cane. 
For  each  plant  of  the  series  there  was  grown  a  control,  kept  under 
exactly  similar  conditions  to  the  test,  and  having  introduced  upon 
it  approximately  the  same  number  of  insects  as  the  test,  but  insects 
taken  from  healthy  instead  of  mottled  cane.  The  plant  that  became 
infected  first  showed  indications  of  disease  on  November  23rd,  a 
month  and  two  days  after  introduction  of  the  insects  onto  plant.  The 
note  of  this  date  reads:  “Plant  shows  evidence  of  mottling  near 
the  bases  of  two  uppermost  leaves.”  Note  of  December  2nd  reads: 
“Plant  is  becoming  quite  decidedly  mottled,  though  check  plant. 
No.  577  a,  shows  no  sign  of  disease.” 

The  notes  on  this  plant  further  show,  however,  that  the  check 
plant  also  became  mottled,  the  first  symptoms  becoming  manifest  on 
January  26th,  over  three  months  after  the  mealybugs  were  intro¬ 
duced  with  plant.  There  is  little  doubt  that  the  inoculation  of  the 
check  plant  can  be  justly  considered  to  have  resulted  from  secondary 
infection  from  the  test  plant,  No.  577,  in  the  interim  since  they  were 
transplanted,  side  by  side  and  without  cover,  into  field  on  Octo¬ 
ber  30th. 
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Table  Yl. 

EXPERIMENTS  WITH  PSEUDOCOCCUS  CALCEOLAPIAE  AND 
PS.  SACCEAPI.C) 


Plant 

numbers 

C  37 

z  ~ 

—  u 

^  :r 

Insects 
confined  per 
plant 

X  ^ 

X  'Z 
“ 

3  o 

1 

Test 

plants 

became 

mottled 

if— 

=  p  Date 

=  z  5  Controls  mottling 
became  appeared 
r  -  y-  mottled  on 

=  j  controls 

231  to  32S.. 

s 

2 

2/7 

1  Adult . 

11^ 

2/18 

None . . . 

.  None... 

321  to  324.. 

4 

2 

3/15 

1  ••  . 

4/28 

a 

473  to  47o. . 

4 

1 

5/30 

15  Adults  . .. 

S/12 

50-2 . 

1 

0 

8/5 

15  Nvmphs  . . . 

65- 

iO/9 

516  to  5-20.. 

5 

1 

9/29 

10  ■  “ 

18- 

10/17 

.  None... 

521  to  522. . 

9 

1 

9/29 

2  E  gg  bat¬ 

ches  . 

IS- 

10/17 

None. .. 

.  None... 

573  to  579. . 

7 

7^ 

10/21 

6  Adults . 

94 

10/30 

One . 

U/23  One .  1226=^ 

5S0  to  5S5. . 

6 

6^ 

10/-22 

24  Adults  and 

Nymphs  ... 

81 

10/-30 

None... 

.  None... 

595  . 

1 

1 

10/23 

7  Nvmphs 

** 

596  to  597. . 

2 

10/23 

15-  ■  “  ... 

Total.... 

IF 

W 

,  One. 

.  One=* * ** ***^ 

(^)  It  has  been  impracticable  to  attempt  separation  of  these  two  species. 

*  Insects  were  not  later  remoTed  from  plant,  so  exact  len^h  of  expostire  is  not  known. 

**  Control  plants  of  style  c  used. 

***  As  over  three  months  elapsed  from  the  time  that  insects  from  healthy  plants  were 
introdnced  onto  this  control  (No.  577  a)  before  it  showed  motthns,  and  as  it  was  conti^ons 
and  within  ten  inches  of  test  plant  No.  577  that  became  mottled,  the  control  is  considered  to 
have  become  diseased  as  result  of  secondary  infection. 


THE  YELLOW  SUGAR-CANE  APHIS  {SipllU  flava  Forbcs) . 

It  is  a  matter  of  regret  that  a  larger  number  of  tests  was  not 
eondneted  with  this  species,  which  shows  some  promise  of  being  one 
of  the  principal  vectors  of  the  disease.  One  reason  for  this  state¬ 
ment  is  the  fact  that  cane  plants  that  are  subjected  when  quite  young 
to  the  attack  of  large  numbers  of  the  yellow  aphis  transferred  from 
mottled  cane,  very  early  show  a  kind  of  very  characteristic,  long, 
yellow  striping  on  the  leaves,  which  does  not  appear  on  the  check 
plants.  This  is  not  considered  to  be  a  direct  result  of  the  punctures 
of  the  aphis,  as  that  manifests  itself  in  another  manner,  namely,  in 
a  dull  scarlet  stain  appearing  first  near  the  tips  of  leaves,  where  the 
aphids  are  most  numerous,  and  extending  gradually  toward  base  of 
leaf.  The  yellow  striping  appears  along  the  fuU  length  of  leaf,  not 
only  on  the  leaves  attacked  by  aphis  but  on  others  as  well.  Unfor¬ 
tunately.  many  of  the  plants  which  displayed  the  yellow  striping 
most  strongly  died  when  they  were  transferred  to  field,  appearing 
as  if  weakened  by  the  condition.  A  few  others  recovered  entirely 
from  the  striped  condition.  So  there  is  not  yet  sufficient  proof  to 
establish  a  definite  connection  between  this  yellow  striping  and  the 
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mottling  disease,  but  it  is  the  intention  to  make  further  experiments 
to  ascertain  if  there  be  a  connection. 

Only  21  experimental  tests  were  made  with  the  yellow  aphis,  all 
of  them  being  by  the  last  two  methods,  C  and  D.  Of  this  number, 
one  plant  gave  evidence  of  snccessfnl  transmission  of  the  disease 
by  means  of  the  insect.  This  plant  (No.  531)  was  one  of  a  series 
of  twelve  plants,  all  similarly  subjected  to  the  attack  of  yellow  aphids 
from  mottled  cane  on  September.  29th.  The  first  evidence  of  infec¬ 
tion  was  on  October  9th,  the  note  for  which  date  reads:  “This  plant 
shows  every  evidence  of  being  in  the  first  stages  of  the  mottling 
disease.”  A  later  note,  of  October  30,  reads:  “Shows  advanced 
stage  of  attack  by  mottling  disease  so  far  as  foliage  striping  is  con¬ 
cerned.  ’  ’ 

It  will  be  noted  that  the  incubation  period  of  the  disease  was  in 
this  case  very  short — only  10  days — where  in  other  cases  of  experi¬ 
mental  inoculation  by  means  of  insects  it  has  been  usually  about 
one  month.  No  explanation  has  been  found  for  this  difference.  (See 
Table  YII,  page  108.) 

THE  SUGAR-CANE  LEAP  SCALE  {Pulvinavia  iceriji  Guer.). 

This  long,  pink  and  green  scale,  which  infests  only  the  leaves,  is 
a  species  so  rare  in  the  cane  fields  of  the  Island  that  there  seems 
small  likelihood  of  its  ever  becoming  an  important  agent  in  the  trans¬ 
mission  of  the  cane  mottling  disease.  So  far  as  we  know  it  has  been 
observed  and  collected  only  by  the  writer,  who  found  it  first  on 
sugar  cane  in  an  outdoor  breeding  cage  at  Santa  Eita,  on  the  south 
coast,  on  October  3,  1914,  and  again  on  December  26,  1914,  in  the 
same  rearing  cage,  on  which  occasion  it  was  recorded  as  highly  pari- 
sitized  by  two  small  wasps,  a  black  one  and  a  still  smaller  yellow  one. 

The  scale  was  not  again  observed  until  the  spring  of  1918,  when 
the  writer  found  it  heavily  infesting  a  cane  plant  in  the  experimental 
greenhouse  of  the  station  at  Eio  Piedras;  and  on  this  occasion  alsa 
it  was  heavily  parasitized  by  the  two  species  of  Chalcidids.  These 
facts  would  lead  to  a  belief  that  both  the  scale  and  its  two  parasites 
are  endemic  to  the  Island,  though  not  yet  observed  in  cane  fields. 

In  the  late  summer  of  1918  specimens  of  this  scale  were  sent  at 
mj"  recpiest  by  i\Ir.  iM.  A.  Crespo,  then  assistant  entomologist  of  the 
station,  to  Dr.  L.  0.  Howard,  entomologist  of  the  U.  S.  Department 
of  Agriculture,  and  the  species  was  determined  by  Mr.  H.  Morrison, 
of  the  federal  department,  as  Pulvinaria  iceryi  (Guer.),  a  species 
previously  recorded  only  from  Mauritius  and  Eeunion.  If  it  proves 
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line  that  thisS  scale  is  identical  with  the  ^‘poche  blanche”  of  3Ianri- 
tius.  blit  is  indigenous  to  Porto  Eico,  it  may  turn  out  to  hare  been 
introduced  into  ^Mauritius  from  this  Island,  and  will  constitute  a 
very  parallel  case  to  that  of  the  introduction  of  Phytalus  smithi  Ar¬ 
row  from  Barbados  into  ^Mauritius — a  case  in  which  a  species  held 
in  natural  check  in  its  native  environment,  greatly  multiplies  and 
becomes  a  serious  pest  in  the  new  environment,  where  it  is  freed  from 
its  parasites. 

For  the  past  year  this  scale  has  been  reared  generation  after  gen¬ 
eration  on  cane  in  confinement^  but  when  infested  canes  are  trans¬ 
planted  to  the  outdoors  the  scales  soon  disappear  from  the  plants. 

Only  14  experimental  tests  were  made  of  the  possible  transmission 
of  cane  mottling  disease  by  this  scale,  and  of  this  number,  one  suc¬ 
cessful  inoculation  resulted.  This  plant  (Xo.  426)  was  one  of  a 
series  of  four  test  plants^  each  subjected  on  April  2Sth  to  the  attack 
of  from  5  to  10  adult  scales  transferred  from  mottled  cane.  First  evi¬ 
dence  of  the  disease  appeared  on  May  31st,  on  which  date  the  fol¬ 
lowing  note  was  made:  ‘‘Plant  shows  none  of  the  mottling  due  di¬ 
rectly  to  scale  attack,  as  in  423  and  425.  but  the  terminal  2  leaves 
show  strongly  a  mottling  very  similar  to  mosaic  disease.'*  A  later 
note,  of  July  22nd.  reads:  “Plant  is  most  decidedly  mottled  now. 
and  quite  heavily  infested  with  the  scale.” 

As  to  the  direct  injury  to  young  cane  plants  from  attack  of  the 
scale,  mentioned  above,  a  note  concerning  another  test  plant  of  the 
same  series  (No.  423).  under  date  of  May  31st,  may  be  quoted: 
“Some  lower  leaves  show  a  peculiar  yellow  mottling,  more  profuse 
and  quite  unlike  the  mosaic  disease  (which  appears  in  terminal 
leaves  first).  This  is  especially  true  of  leaves  mOsSt  heavily  infested 
with  scale.”'  This  mottling  effect  on  the  foliage  was  of  a  rather  dif¬ 
ferent  nature  than  the  yellow  striping  caused  on  young  plants  by 
aphis  attack,  but  like  it.  seemed  to  disappear  as  a  plant  increased 
in  growth,  so  its  connection  with  the  mottling  disease  is  doubtful. 
(See  Table  Til.  page  108.) 


THE  YELLOW  STJGAE-CANE  THEiPs  (FranMinklla  sp.  '  . 

This  thrips  appears  to  be  an  undescribed  species  of  the  genus, 
and  will  be  described  by  the  writer  in  an  early  number  of  this  jour¬ 
nal.  The  pest  and  its  damage  have  been  fully  discussed  in  a  previous 
paragraph. 

Seventeen  test  plants  were  subjected  to  the  attack  of  this  thrips. 
but  no  succesful  inoculations  resulted.  This  may  have  been  due. 
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however,  to  the  fact  that  the  living  specimens  which  were  introdnced 
into  cages  with  yonng  plants  had  been  brought  across  the  Island 
from  the  south  coast,  and  were  one  to  two  days  on  the  journey  and 
weakened  to  a  certain  extent,  many  of  them  having  died  en  route. 
The  species  has  not  been  found  in  sufficient  numbers  on  cane  at  Rio 
Piedras  to  make  experimental  tests.  It  is  the  intention  to  make 
further  tests  with  this  insect  in  the  coming  year.  (See  Table  YII.) 

THE  BLACK  SUGAR-CANE  THRiPS  {Haplothrips  tiUalis  Hood?). 

This  insect  has  been  doubtfully  refered  to  the  above  species  of 
Hood  on  the  strength  of  that  species  having  been  described  from 
a  thrips  collected  on  sugar-cane  at  Rio  Piedras;  but  the  description 
is  not  at  present  available.  In  Moulton’s  key  the  insect  runs  to  the 
genus  Anaphothrips. 

In  habits  this  species  differs  from  the  yellow  cane  thrips  in  that 
both  nymphs  and  adults  live  near  the  extremeties  of  the  leaves,  never 
at  the  bases.  The  species  may  be  found  on  young  cane  only,  and 
seldom  becomes  abundant.  Usually  only  isolated  individuals  are 
found.  Specimens  were  first  noticed  on  grass  blades  on  March  13th, 
both  adults  and  nymphs,  but  when  transferred  to  a  young  cane  they 
continued  to  thrive,  and  by  April  25th  had  become  so  numerous  on 
the  cane  plant  as  to  cause  its  death.  The  leaves  were  entirely  spec¬ 
kled  with  brown  from  the  attack.  From  April  through  June  suc¬ 
ceeding  generations  were  reared  on  cane.  Under  outdoor  conditions, 
the  insect  is  probably  more  common  on  grasses. 

Only  four  tests  were  made  with  this  insect,  in  attempt  to  transfer 
the  mottling  disease,  all  of  wffiich  were  negative.  (See  Table  VII.) 

THE  PALSE-MOTTpiNG  LEAFHOPPER  (not  determined). 

Like  some  other  cane  pests,  this  leafhopper  lives  more  commonly 
on  grasses,  and  seems  to  attack  only  very  young  canes.  In  the  field 
it  has  been  rarely  observed,  probably  because  of  its  small  size,  incon¬ 
spicuous  coloring,  and  its  agility.  The  nymphs  are  very  pale,  almost 
white  in  color,  and  live  near  the  tips  of  the  leaves  on  sugar-cane, 
though  on  grasses  they  may  occur  anywhere  on  the  undersides  of 
leaves. 

In  common  with  the  black  thrips,  this  insect  made  its  appearance 
on  young  cane  plants  during  February,  and  in  March  became  very 
common,  but  by  April  adults  were  again  scarce.  A  second  genera¬ 
tion  appeared  in  May  and  June,  and  what  is  believed  to  be  a  third 
generation  in  August.  Cane  leaves  showing  attack  become  streaked 


INSECTS  AND  MOTTETNG  DISEASE. 


107 


with  long  white  marks,  from  the  extraction  of  the  chlorophyll,  in  a 
manner  very  suggestive  of  the  mottling  disease.  From  this  the  insect 
receives  its  common  name,  false-mottling  leafhopper. 

Only  five  tests,  of  their  ability  to  transmit  mottling  diseases, 
were  made  with  this  leafhopper,  all  of  which  gave  negative  results. 
(See  Table  VII.) 

THE  CANE  SEED-HEAD  LEAFHOPPER  {Balclutka  Sp.). 

This  is  a  small  leafhopper  of  the  general  shape  of  Kolia  similis 
Walk.,  but  only  two-thirds  its  size  and  varying  from  pale  green  to 
yellowish-brown  in  color.  In  December  and  January  it  occurred  in 
the  greatest  abundance  in  the  seed  tassels  of  such  cane  plants  as  bore 
seed,  and  is  believed  to  have  been  a  principal  cause  of  the  low  fertility 
of  the  seed.  For  this  reason  it  may  be  a  serious  retarding  factor 
in  production  of  new  cane  varieties.  The  nymphs,  which  are  dark 
in  color  with  lighter  dorsal  stripe,  could  be  shaken  by  thousands  from 
a  single  cane  seed  tassel.  They  were  heavily  preyed  upon  by  larvae 
of  a  Syrphid  fly. 

Through  the  summer,  when  no  cane  is  seeding,  this  leafhopper 
thrives  in  great  abundance  on  the  seed-heads  of  common  pasture 
grass,  or  “malojillo”  {ErioMoa  suhglahra) ,  where  it  is  heavily 
parasitized  by  a  black,  ant-like  Dryinid  wasp  {Chalcogonatopus  sp.), 
and  by  a  fungus  that  seems  to  follow  attack  of  the  parasite  larva. 

These  leafhoppers  come  in  abundance  to  electric  light,  and  might 
be  controlled  by  means  of  trap  lights.  As  they  do  not  appear  to 

attack  sugar  cane  except  rarely  when  it  is  not  in  seed,  it  is  un¬ 

likely  that  they  can  be  a  factor  in  transmission  of  the  mottling  dis¬ 
ease.  Five  tests  were  made  with  the  species  (two  of  them  by  method 
B),  all  giving  negative  results.  (See  Table  VII.) 

THE  SUGAR-CANE  RED-SPIDER  {OUgonychus  viHdisf) 

This  very  small  mite  is  barely  visible  to  the  naked  eye  because 

of  its  size  and  protective  coloration.  It  lives  and  reproduces  on  the 

cane  foliage,  usually  on  underside  along  the  midrib,  sometimes  spin¬ 
ning  a  fine  web  over  the  infested  portions  of  leaf,  and  by  sucking 
the  chlorophyll  from  the  leaf  it  causes  a  white  blotching  or  streaking 
that  might  be  mistaken  for  mottling  by  one  unfamiliar  with  the 
disease.  The  adult  insect  has  eight  legs  and  is  a  very  small  spider, 
pale  greenish  or  yellowish  in  color  with  dark  markings  at  the  sides. 
It  differs  only  in  feeding  habits  and  microscopic  details  from  some 
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other  common  species  of  red-spider,  and  is  a  species  capable  of  rapid 
multiplication. 

Because  of  its  minnte  size,  this  mite  has  been  difficult  to  keep 
out  of  experimental  cages  containing  other  insects:  and  if  it  be 
proved  to  transmit  the  disease,  it  can  have  been  responsible  for  ap¬ 
parent  transmissions  by  other  insects,  since  any  portion  of  leaf 
bearing  insects  that  is  dropped  into  a  cage  to  infest  a  plant,  or  plants, 
will  unavoidably  harbor  young  or  eggs  of  red-spider.  The  six  tests 
made  using  red-spider  alone  gave  negative  results.  (See  Table  YII.) 


Table  VII. 

EXPERIMENTS  WITH  SIPHA  PLAY  A  FORBES. 


Plant  Numbers 

I  Mauls  Subjected  to 
Insects 

OQ 

P 

1 

Date  of  Conbiiiug  i 
Insects 

Insects  Confined 
per  Plant 

Days  Insects  were 
confined 

Date  Plant  put  into 
Field 

Test  Plants  Became 
Mottled 

Number  of  Mottled 
Test  Plant 

Date  Mottling 
Appeared 

Controls  Became 

Mottled 

Number  of  Control 

Date  Control 

Became  Mottled 

35B  . 

1 

0 

3-19 

1  adult . 

(Died) 

. I 

412-417. 

6 

1 

4-26 

20-r  adults  and  voung 

34(c) 

8-11 

None 

None' 

418-419 

2 

1  i 

1  4-26 

12-  “ 

34(c) 

8-11 

“  1 

523-532  . 

12 

3(a) 

9-29 

lOO-f-  “ 

16(c) 

10-15 

One 

53i 

io-9 

One  1 

53i 

i-26 

Total 

21 

5  1 

1 

Plants  became  diseased 

One  test  plant 

One  control  (d) 

EXPERIMENTS  WITH  PULVINABIA  ICEBYI  (GUER.). 


423-426 . 
550-552 . 
593-594 . 
605  607. 
660-661 . 

Total: 

1 

4 

O 

2 

3 

2 

0 

3(a) 
2(b; 
3(b) 
2(  ) 

4-28 

10-10 

10-23 

10- 30 

11- 30 

•5-10  scales . 

10-  “  . 

(c) 

(c) 

(c) 

(c) 

(C) 

8-11 

10- 17 

11- 12 
11-12 

2-16 

One 

None 

426 

5-31 

None 

12-^-  “  . 

10-  “  . 

15-r  “  . 

14  jlO 

Plants  became  diseased 

One  test  plant 

No  control 

EXPERIMENTS  WITH  THE  YELLOW  CANE  THRIPS. 


163-174 . 

2 

1-10 

8—  adults . 

24 -f- 

2-3 

1 

None . 

None 

178-182 . 

1  5 

1 

1-10 

84-  “  . 

36- 

2-15 

Total 

17  1 

3 

Plants  became  diseased  < 

No  test  plant 

No  control 

EXPERIMENTS  WITH  THE  BLACK  CANE  THRIPS. 


467  .... 

1 

0 

5-28 

18  adults . 

(c) 

8-12  None 

1 

484-486 . 

3 

1 

5-30 

15-f-  adults . 

(c) 

8-13  :  “ 

None! 

Total 

4 

1 

Plants  became  diseased 

No  test  plant 

1 

No  control 

1 
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Table  VII — Continued. 

EXPERIMENTS  WITH  THE  FALSE-MOTTLING  LEAFHOPPER. 


Plaht  Numbers 

Plants  Subjected  to 
Insecls 

Conti ol  Plants 

ix 

3 

o 

o  -2 
o 

Insects  Confined 
per  Plant 

Days  Insects  were 

Confined 

Date  Plant  put  into 

Field 

Plants  Became 

Mottled 

Number  of  Mottled 

Plant 

Date  Mottling  Ap- 

jieared 

Controls  Became 

Mottled 

Number  of  Controls 

1)  ate  Control  Be¬ 

came  Mottled 

348 . 

1 

1 

3-17 

8  adults . 

(c) 

6-2 

None 

1  ! 

None _ •.  .1 

\ 

560 . 

1 

1 

3-31 

4  nvmphs . 

24 

6-2 

O  1 

374 . 

1 

1 

3-31 

2  adults . 

30 

6-2 

“  j . 

464 . 

1 

1 

5-27 

1  nvmph . 

(c) 

8-12 

487 . 

1 

1 

6-2 

2  adults  and  1  nymph.. 

■  c ) 

8-13 

“  i . 

Total 

5 

5 

Plants  became  diseased 

'  No  test  plants 

No  controls 

EXPERIMENTS  WITH  THE  CANE  SEED-HEAD  LEAFHOPPER. 


273 . 

1(e) 

1(e) 

1 

1 

1 

0 

1 

1 

3 

2-19 

2- 19 

3- 14 

4- 25 

100  adults . 

(c) 

(c) 

(c) 

1  (c) 

None 

None 

282 . 

100  adults . 

313 

1  adult . 

6-2 

8-12 

None 

405 . 

1  adult . 

Total 

4 

Plants  became  diseased 

No  test  plants 

No  checks 

EXPERIMENTS  WITH  THE  SUGAR-CANE  RED-SPIDER. 


2 

4-80 

All  stages  (f) . 

(c) 

8-5  1  None' 

1 

.  1  None 

1  i 

1 

(a)  Control  plants  of  style  h  used. 

(b)  Control  plants  of  style  c  used. 

(c)  Insects  not  removed  from  cane  plant  before  it  was  transplanted  to  field. 

(d)  This  control  plant  undoubtedly  became  diseased  by  inadvertent  secondary  infection. 

(e)  Mottled  and  healthy  plant  in  same  cage,  method  A. 

(f)  A  portion  of  mottled  cane  leaf  containing  aU  stages  of  the  red-spider  dropped  into 
cage  with  plant. 


Experiments  With  Chewing  Insects. 

As  explained  in  a  previous  paragraph,  the  possibility  of  mottling 
disease  being  transmitted  by  any  species  of  chewing  insect  seems  so 
remote  that  very  little  experimntal  effort  has  been  expended  along 
this  line  of  investigation. 

The  insect  that  has  received  most  attention  is  the  cone-headed 
katydid  {Neoconocephahis  mexicamis  Sanss.).  Seven  test  plants  were 
employed,  one  with  adults  and  six  by  using  nymphs.  The  latter  were 
transferred  successively  from  mottled  to  healthy  plants  several  times, 
in  close  succession,  but  the  healthy  plants  eaten  as  result  of  these 
transfers  gave  no  later  indications  of  mottling.  (See  Table  YII.) 

With  the  common  field  grasshopper  {Schist ocerca  columbine 
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Thunb.)  and  the  dnsl^  ground  grasshopper  {Sphmgonottis  haitensis 
Sauss.)  two  tests  each  were  made,  all  proving  negative. 

A  test  each  was  made  with  the  changa  {Scapteriscus  vicinus 
Scud.),  the  spider-legged  cricket  {Ampkiacustes  annulipes  Sauss.) 
and  a  common  roach  (undetermined),  in  each  case  the  insects  being 
introduced  into  a  small  cage  with  young  healthy  cane  after  confine¬ 
ment  for  a  week  or  more  with  mottled  cane.  All  gave  negative  results. 
(See  Table  VII.) 

_  A  test  each  was  made  with  the  two  common  May-beetles  of  the 
north  coast  {Phyllopkaga  portoricensis  Smyth  and  P.  citri  Smyth), 
adults  in  each  case  being  introduced  in  numbers  into  a  cage  con¬ 
taining  young  mottled  and  healthy  cane  plants  mixed.  No  healthy 
plants  became  mottled  as  result,  within  a  space  of  six  months,  when 
plants  were  uprooted. 

A  test  each  was  made  with  the  three  following  arthropods,  using 
the  same  method  as  that  used  with  the  crickets  and  roaches :  sowhugs 
{Porcellio  sp.),  the  fiat  greenhouse  milliped  {Parajulus  sp.),  and 
young  of  the  common  hush  milliped  {Bhinocricus  arbor eus  Sauss.). 
All  gave  negative  results. 


Table  VIII. 

EXPERIMENTS  WITH  CHEWING  INSECTS. 


Species  of  insects 

Plants  sub¬ 
jected  to 
attack 

Control 

plants 

Date  of 
confinement 

Insects  per 
plant 

Days  con¬ 
fined 

Results 

M  -m PTiO.n.yi/H.Si . 

1 

1 

•Tan  10 . 

1  adult . 

16 

Negative 

1 

0 

“  10 . 

1  nymph 

10 

1 

1 

Feb.  17 . 

10  nymph'.. . . 

4 

a 

1 

1 

“  21 . 

1  nymph 

17 

it 

it  t  ( 

1 

0 

“  21 . 

1  “  !!! 

17 

it 

1 

1 

Mar.  14. . 

1  “  .... 

17 

ii 

1 

0 

*•  14 . 

1  “  _ 

17 

Schistocerca  columbina . 

1 

1 

Jan  10 . 

1  adult . 

20 

ii. 

1 

1 

Oct.  23 . 

2  nymphs. . . . 

7 

it 

Stphin gn'notiift  haitenfiifi . 

1 

1 

J  an. 10 . 

1  adult . 

4 

tt 

1 

0 

“  10 . 

1  “  . 

10 

it 

Amphiacustes  annulipes . 

1 

1 

Oct.  10.  . . 

3  nymphs. . . . 

7 

It 

Seapteriseus  vicinus . 

1 

1 

“  23 . 

1  adult . 

** 

tt 

Roach  {Bl'itta  sp.) . 

1 

1 

“  24 . 

3  nymphs.. . . 

19 

it 

Sow-bug  {Porcellio  sp.) . 

1 

1 

“  24 . 

11  adults . 

19 

tt 

Milliped  { Par  a  j7il  us  sp.) . 

1 

1 

“  10 . 

6  “  . . 

7 

It- 

Milliped  (  Bhinocricus  arboreus) . 

1 

1 

“  23 . 

15  young . 

** 

Phyllophnga  portoricensis . 

2* 

0 

May  29 . 

10  ad  ults . 

Phyllophaga  citri . 

2* 

0 

“  29.. . 

10  “  . 

Total  number  of  plants . 

21 

13 

All  results  negative 

*'The  May-beetles  were  introduced  into  outdoor  cages  containing  both  mottled  and  healthy 
cane,  according  to  method  A. 

**  Insects  were  not  removed  from  these  plants  up  to  the  time  plants  were  transplanted 
to  the^fieia.'  -  ' 
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Summary. 

1.  Failure  of  other  and  ordinary  means  of  dispersion  of  plant 
diseases  to  account  for  the  rapid  spread  of  the  cane  mottling  disease, 
under  normal  conditions,  has  led  to  a  belief  that  the  disease  may 
be  carried  by  insects. 

2.  Until  substantial  proof  has  been  given  that  the  cane  mottling 
disease  results  from  an  organism  capable  of  bearing  fructifications 
or  forming  spores,  there  seems  better  reason  to  suspect  sucking  than 
chewing  insects  of  transmitting  the  disease. 

3.  Field  observations  have  thrown  little  light  on  the  problem  of 
insect  transmission  of  mottling  disease,  the  only  insect  yet  observed 
which  might  satisfy  all  conditions,  on  the  South  Coast  at  least,  being 
the  yellow  cane  thrips  {Frankliniella  sp.). 

4.  It  is  believed  that  secondaiy  infection  with  mottling  diseasey 
in  a  field  planted  to  healthy  seed,  might  occur  from  slow-moving 
insects  Uke  the  mealybug  or  rust-mite,  that  could  harbor  over  in 
numbers  on  stubble,  volunteer  cane  or  grass  from  a  previous  infected 
crop.  This  renders  important  the  clean  cultivation  of  cane  fields 
between  crops.  These  pests  cannot,  however,  account  for  wide  and 
rapid  spread  of  mottling  disease  among  plants  grown  from  healthy 
seed  and  planted  in  new  ground. 

5.  From  the  large  number  of  experimental  tests  made  in  insect 
transmission,  only  foin*  successful  inoculations  resulted.  These  four 
were  all  from  different  species  of  insects;  but  it  is  unique  that  all 
resulted  from  sucking  insects.  One  of  these  was  the  West  Indian 
cane-fiy.  a  second  the  cane  leaf  scale,  a  third  the  yellow  cane  aphis, 
and  a  fourth  the  mealybug.  (See  foot  note  on  page  83.) 

6.  Xo  successful  inoculations  of  mottling  disease  resulted  from 
experimental  tests  with  chewing  insects.  The  number  of  such  tests 
made  was.  however,  not  large. 

7.  In  view  of  the  small  number  of  successful  inoculations  secured, 
as  compared  with  the  rather  large  number  of  tests  made,  under  con¬ 
ditions  which  were  considered  favorable,  the  question  of  insect  trans¬ 
mission  of  cane  mottling  disease  cannot  be  looked  upon  as  settled. 
Factors  not  visible  to  the  investigator  may  have  entered  into  the 
succe.ss  of  the  inoculations,  other  than  the  factor  of  insect  attack. 

8.  Future  attempts  will  be  made  to  duplicate  inoculations  which 
have  thus  far  been  secured  from  apparent  insect  transmission.  It 
is  significant,  however,  that  in  our  experiments  as  thus  far  made 
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no  control  plants  have  become  diseased  (except  by  what  was  very 
evidently  later  secondary  infection). 

9,  It  is  not  improbable  that,  in  common  with  certain  other  simi¬ 
lar  diseases  of  plants,  inoculation  of  a  healthy  cane  plant  with  mot¬ 
tling  disease  requires  that  the  plant  be  in  a  condition  of  rapid  growth. 
As  our  potted  cane  test-plants  were  not  always  in  a  condition  of 
rapid  growth  at  time  that  insects  were  introduced  with  plants,  this 
may  have  acted  as  an  inhibitive  factor  in  the  success  of  the 
inoculations. 

10.  The  question  of  the  infective  principle  of  the  disease  being 
'carried  by  the  insect  for  some  length  of  time,  and  undergoing  a 
cyclic  change  vdthin  the  insect  body,  or  of  its  being  transmitted  to 
the  young  through  the  egg,  before  it  becomes  pathogenic  to  the 
plant  host  through  the  medium  of  the  insect’s  bite,  is  yet  to  be 
investigated. 
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41,  251.)  (R.  A.  E.  6,  454.) 

10.  Fire  Blight,  Bacillus  omylovorus. 

(22)  1891.  YAite,  M.  B.  Results  from  recent  inyestigations  in 

pear  blight.  Bot.  Gaz.  16,  259. 

(23)  1911.  Jones,  Dan  H.  Scolytus  rugulosus  as  an  agent  in  the 

spread  of  bacterial  blight  in  pear  trees.  Phytopath.  I,  5, 
155-158.  (E.  S.  R.  26,  144.) 

(24)  1913.  Stewart,  Y.  B.  The  importance  of  the  tarnished  plant 

bng  in  the  dissemination  of  fire  blight  in  nnrsery  stock.  Phy¬ 
topath.  Ill,  6,  273-276.  (E.  S.  R.  30,  650.)  (R.  A.  E.  2, 

288.) 

(25)  1914.  Jones,  B.  J.  The  natural  modes  of  distribution  of  fire 

blight.  Mo.  Bui.  Cal.  Comm.  Hort.  Ill,  12,  505-511.  (R. 

A.  E.  3,  149.) 

(26)  1915.  Burrill,  A.  C.  Insect  control  important  in  checking 

fire  blight.  Phytopath.  Y,  6,  343-347.  (E.  S.  R.  34,  648.) 

(27)  1915.  Burrill,  A.  C.  Sedentary  aphids  vs.  Spread  of  fire 

Blight.  Jl.  Econ.  Ent.  YIII,  6,  552-553.  (Note.) 

(28)  1916.  Stewart,  Y.  B.,  and  Leonard,  M.  D.  Further  studies 

in  the  role  of  insects  in  the  dissemination  of  fire  blight  bac¬ 
teria.  Phytopath.  YI,  2,  152-158.  (E.  S.  R.  36,  351.)  (R. 

A.  E.  5,  79.) 

(29)  1918.  Lathrop,  Frank  H.  Leaf-hoppers  injurious  to  apple 

trees.  Bui.  451,  N.  Y.  Exp.  Sta.,  Geneva.  (E.  S.  R.  41,. 
252.)  (R.  A.  E.  6,  207.) 

11.  Bacterial  Wilt  of  Cucurbits,  Bacillus  tracheipliilus. 

(30)  1915.  Rand,  F.  Y.  Dissemination  of  bacterial  wilt  of  cucur¬ 

bits.  Jl.  Agr.  Res.  Y,  6,  257-260.  (E.  S.  R.  34,  244.)  (R. 
A.  E.  4,  38.) 

(31)  1916.  Rand,  F.  Y.,  and  Endows,  Ella  M.  A.  Transmission 

and  control  of  bacterial  wilt  of  cucurbits.  Jl.  Agr.  Res.  YI, 
11,  417-434.  (E.  S.  R.  35,  546.)  (R.  A.  E.  4,  385.) 


INSECTS  AND  MOTTLING  DISEASE. 


115 


12.  Sugar  Beet  Curly-top. 

(32)  1909.  Ball,  E.  D.  The  leafhoppers  of  the  sugar  beet  and 

their  relation  to  the  ‘'curly-leaf  ”  condition.  Bnl.  66,  Pt. 
IV,  Bn.  Ent.,  U.  S.  D.  A.  (E.  S.  K.  20,  954.) 

(33)  1910.  Shaw,  H.  B.  The  eurly-top  of  beets.  Bui.  181,  Bu. 

Plant  Indus.,  U.  S.  D.  A.  (Science,  May  13,  1910.)  (E.  S.  R. 
23,  450.) 

(34)  1915.  Smith,  R.  E.,  and  Boncquet,  P.  A.  New  light  on 

curlv-top  of  the  sugar  beet.  Phytopath.  V,  2,  103-107.  (E. 

S.  R.  33,  743.) 

(35)  1915.  Boncquet,  P.  A.,  and  Hartung,  V".  J.  The  compara- 

tive  effect  upon  sugar  beets  of  Eutetiix  ienella  Baker  from 
wild  plants  and  from  cuiTy-leaf  beets.  Phytopath.  V,  6, 
348-349.  (E.  S.  R.  34,  646.) 

(36)  1917.  Ball,  E.  D.  The  beet  leafhopper  and  the  curly-leaf  dis¬ 

ease  that  it  transmits.  Bui.  155,  Utah  Exp.  Sta.  (E.  S.  R. 
38,  360.)  (R.  A.  E.  5,  213.) 

(37)  1917.  Boncquet,  P.  A.,  and  Stahl,  C.  F.  Wild  vegetation  as 

a  source  of  curly-top  infection  of  sugar  beets.  Jl.  Econ.  Ent. 
X,  4,  392-397.  (E.  S.  R.  37,  847.)  (R.  A.  E.  5,  492.) 

(38)  1918.  Stahl,  C.  F.,  and  Carsner,  Eubanks.  Obtaining  beet 

leafhoppers  nonvirulent  as  to  curly-top.  Jl.  Agr.  Res.  XIY, 
9,  393-394.  (E.  S.  R.  39,  763.)  (R.  A.  E.  6,  564.) 

(39)  1919.  Carsner,  Eubanks.  Susceptibility  of  various  plants  to 

curly-top  of  sugar  beet.  Phytopath.  IX,  9,  413-421. 

(40)  1919.  Severin,  H.  H.  P.  The  beet  leafhopper:  A  report  on 

investigations  into  its  occurrence  in  California.  Facts  About 
Sugar,  VIII,  7  (p.  130),  8  (150),  9  (170),  10  (190),  11 
(210),  12  (230)  and  13  (250).  (E.  S.  R.  41,  456.) 

13.  Spinach  Blight. 

(41)  1918.  McClintock,  J.  A.,  and  Smith,  Loran  B.  The  true 

nature  of  spinach  blight  and  the  relation  of  insects  to  its 
transmission.  Jl.  Agr.  Res.  XIV,  1,  1-60.  (E.  S.  R.  39, 

550.)  '  (R.  A.  E.  6,  453.) 

14.  Tobacco  Mosaic  Disease. 

(42)  1914.  Allard,  H.  A.  The  mosaic  disease  of  tobacco.  Bui. 

40,  U.  S.  D.  A.  (E.  S.  R.  30,  450.) 

(43)  1915.  Clinton,  G-.  P.  Chlorosis  of  plants,  with  special  refer¬ 

ence  to  calico  of  tobacco.  Rept.  of  Botanist  (  Ann.  Rpt. 
1914,  Pt.  VI),  Conn.  Exp.  Sta.  (E.  S.  R.  34,  52.) 

(44)  1916.  Allard,  H.  A.  Some  properties  of  the  virus  of  the 

mosaic  disease  of  tobacco.  Jl.  Ast.  Res.  VI,  17,  649-674. 
(E.  S.  R.  35,  751.) 
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(45)  1916.  Allakd,  H.  A.  A  specific  mosaic  disease  of  Nicotiana 

viscosum  distinct  from  the  mosaic  disease  of  tobacco.  Jl. 
Agr.  Res.  VII,  11,  481-486.  (E.  S.  R.  36,  451.) 

(46)  1917.  Allard,  H.  A.  Fnrtlier  studies  of  the  mosaic  disease 

of  tobacco.  Jl.  Agr.  Res.  X,  12,  615-632.  (E.  S.  R.  38,  49.) 

[li.  A.  E.  5,  577.) 

(47)  1918.  Allard,  H.  A.  The  mosaic  disease  of  Phytolacca  decan- 

dra.  Phytopath.  YIII,  2,  51-54.  (E.  S.  R.  39,  549.) 

15.  Potato  Mosaic  Disease. 

(48)  1919.  Schultz,  E.  S.,  Folsom,  D.,  Hildebrandt,  F.  M.,  and 

Hawkins,  L.  A.  Investigations  on  the  mosaic  disease  of  the 
Irish  potato.  Jl.  Agr.  Res.  XYII,  6,  247-274.  (E.  S.  R. 

42,  47.) 

16.  Cucumber  Mosaic  Disease. 

(49)  1916.  Doolittle,  S.  P.  A  new  infections  mosaic  disease  of 

encumber.  Phytopath.  YI,  2,  145-147.  (E.  S.  R.  36,  349.) 

17.  Potato  Hopperburn. 

(50)  1919.  Ball,  E.  D.  The  potato  leafhopper  and  its  relation  to 

the  hopperburn.  Jl.  Econ.  Ent.  XII,  2,  149-154.  (E.  S.  R. 

41,  849.) 

(51)  1919.  Ball,  E.  D.  The  potato  leafhopper  and  the  hopper- 

bnrn  that  it  causes.  Bui.  23,  Mis.  Dept.  Agr.,  pp.  76-102. 
(E.  S.  R.  41,  848.) 

18.  Sugar  Cane  Mottling  Disease. 

(52)  1919.  Brandes,  E.  AY.  The  mosaic  disease  of  sugar  cane  and 

other  grasses.  Bnl.  829,  U.  S.  D.  A. 

(53)  1919.  Smyth,  E.  C.^  Entomological  work  (the  yellow-stripe 

disease  of  sugar-cane).  Rept.  of  Comm,  of  Agr.  and  Labor 
of  P.  R.  (from  Rept.  of  the  Covernor  of  Porto  Rico,  1919, 
pp.  685-713),  Bureau  of  Insular  Affairs,  AA"ar  Dept.,  AVash- 
ington,  page  699. 


See  foot  note  on  poge  134. 


AN  ANNOTATED  BIBLIOGRAPHY  OF  PORTO  RICAN  CANE 

INSECTS.^ 


By  E.  Gray  WOOD  Smyth. 

(1)  1880.  Stahl,  A. 

La  Eiifermedad  de  la  Cana  de  Azucar  en  Puerto  Rico,  1880. 

(2)  1882.  Stahl,  A. 

Fauna  de  Puerto  Rico.  Clasificacion  sistematica  de  los  Ani- 
inales  qne  Corresponden  a  Esta  Fauna  y  Catalogo  dei 
Gabinete  Zoologico  del  Doctor  A.  Stahl  en  Bayamon, 
Puerto  Rico.  Imprenta  del  ^^Boletin  Mercantil,”  37 
Calle  de  la  Fortaleza,  San  Juan,  1882,  pp.  249. 

Insectos,  pp.  169-213.  Lists  Sphenophorns  sericeus 
Latr.  (—  Metamasius  hemipterus  Linn.),  Laphygma 
frugiperda  S.  &  A.,  and  Gryllotalpa  hexadactyla 
Scapterisciis  vicinus  Scud.). 

(3)  1884.  Umpierre,  Manuel  Fernandee. 

Distintas  Causas  que  Perjudican  a  la  Cana  Durante  su 
Existencia,  pp.  70-76.  In  Manual  Practice  de  la  Agri- 
eultura  de  la  Cana  de  Azucar,  Puerto  Rico.  Imprenta 
del  Boletin  Mercantil,  calle  de  la  Fortaleza,  Num.  37, 
San  Juan,  1884,  pp.  199. 

Llentions  grass-Avorms,  moth  stalk-borer  and  mealy¬ 
bug. 

(4)  1886.  Baly,  J.  S. 

Descriptions  of  Uncharacterized  Species  of  Diabrotica.  In 
Trans.  Ent.  Soc.,  London,  1886.  Part  IV  (December, 
1886),  pp.  443-445. 

From  P.  R.,  Diabrotica  graminea  sp.  n.,  p.  443. 

(5)  1886.  Quedenfeldt,  E. 

Neuse  und  seltnere  Kafer  von  Portorico.  In  Berliner  En- 
tomolog.  Zeitsehrift,  pp.  119-128. 

(6)  1887.  Gundlach,  Juan. 

Fauna  Puerto-Riqueha.  Anales  de  la  Sociedad  Espanola 
de  Historia  Natural,  Tomo  XVI,  Cuad.  1,  Madrid,  Al¬ 
cala  11,  31  de  mayo  de  1887. 

Insectos,  pp.  347-658. 

(7)  1889.  Kruger,  Dr.  W. 

Das  Zuckerrohr  und  seine  Kultur,  p.  312. 

Records  Delphax  saccliarivora  Westw. 

(8)  1895.  Tuero,  Fernando  Lopez. 

Enemigos  de  la  Cana  y  Modo  de  Combatirlos,  Capitulo 
IV,  pp.  63-74.  Enfermedad  de  la  Cana  de  Azucar,  pp. 
105-123.  In  La  Cana  de  Azucar  en  Puerto  Rico,  su  Cul- 

*  References  are  arranged  chronologically,  but  alphabetically  under  each  year.  Anony¬ 
mous  articles  are  indicated  by  dashes. 
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tivo  y  Enfermedad.  Tipografia  de  ''Boletm  Mercantil,” 
calle  de  la  Fortaleza  24,  San  Juan,  1895. 

Under  ‘  ‘  Clasificaeion  del  Insecto,”  pp.  114-115, 
discusses  ‘‘el  caenlo”  as  belonging  to  genus  Lenco- 
tliyros  and  inclnding  5  species,  liis  descriptions  of 
ndiicli  seem  to  include  Pliyllopliaga,  Dyscinetns  and 
Ligyrns.  Figures  (Lamina  2)  the  egg,  larva,  pupa 
and  adult  of  Pliyllopliaga  sp. 

(9)  1900.  Busck,  a. 

Notes  on  a  Brief  Trip  to  Puerto  Rico  in  January  and  Feb¬ 
ruary,  1899.  In  U.  S.  D.  A.,  Bu.-Ent.,  Bui.  22  (n.  s.), 
1900,  pp.  88-92. 

Mentions  Diatrcea  saccliaralis,  Splienopliorus  sex- 
guttatus  Drury,  a  lemellicorn  larva,  and  Bactylopiiis 
saccliari  as  cane  pests,  and  discusses  the  clianga  as 
a  tobacco  pest. 

(10)  1900.  Pergande,  T.  and  Cockerell,  T.  D.  A. 

List  of  Coccidge  Collected  by  Mr.  A.  Busck  in  Puerto  Rico, 
1899.  In  U.  S.  D.  A.,  Bu.  Ent.,  Bui.  22  (n.  s.),  1900, 
pp.  92-93. 

Lists  Dactylopius  saccliari  Ckll,  from  three  localities 
on  cane. 

(11)  1901.  Gardner,  F.  D. 

Ann.  Rept.,  P.  R.  Agr.  Expt.  Sta.,  U  S.  D.  A.,  for  1901 
(Ann.  Rept.  Office  Expt.  Stations,  Washington,  June  30, 
1901),  pp.  381-415. 

Scapteriscns  didaciylns,  p.  414. 

(12)  1901. - . 

Notes  from  Correspondence.  In  U.  S.  D.  A.,  Bu.  Ent., 
Bui.  30  (n.  s.),  pp.  97-98. 

Diaprepes  ahhreviatus  sent  in  by  J.  W.  Van  Leen- 
hoff  from  Porto  Rico. 

(13)  1902.  Barrett,  0.  W. 

The  Changa  or  Mole-Cricket  (Scapteriscns  didactylus 
Latr.)  in  Porto  Rico.  Bui.  2,  P.  R.  Agr.  Expt.  Sta., 
U.  S.  D.  A.,  Mayagiiez,  Sept.  13,  1902,  pp.  19,  fig.  1. 

Dealt  with  as  pest  of  “tobacco,  cane,  and  small 
crops.” 

(14)  1903.  Fernald.  Mrs.  M.  E. 

Catalogue  of  the  Coccidie  of  the  World.  Bui.  88,  Hatch 
Expt.  Sta.,  Mass.  Agr.  College,  Mar.  1903,  pp.  360. 

Lists  Pseudococcus  saccliari  (Ckll.)  on  sugar  cane 
from  Porto  Rico  (p.  109). 

(15)  1903.  Gardner,  F.  D. 

Annual  Rept.  of  the  P.  R.  Agricultural  Experiment  Sta¬ 
tion  for  1902.  In  Ann.  Rept.,  Office  Exp.  Stations  for 
June  30,  1902,  Washington,  1903,  pp.  331-357. 

Discusses  may-beetle  and  larva  (p.  343)  and  gives 
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extract  of  Bui.  2  of  same  station,  dealing  with  changa 
(pp.  343-352). 

(16)  1904.  Barrett,  0.  W. 

Control  of  the  Brown  Ant  {Solenopsis  germinata  Fabr.)  in 
Orange  Orchards.  Cir.  4,  P.  R.  Agr.  Expt.  Sta.,  U.  S. 
D.  A.,  May  9,  1904,  pp.  3. 

Discussed  as  a  citrus  pest.  Mentions  Lachnosterna 
sp.  (p.  3). 

(17)  1904.  Barrett,  0.  W. 

Report  of  0.  W.  Barrett,  Entomologist  and  Botanist.  In 
Ann.  Rept.,  P.  R.  Agr.  Exp.  Sta.  for  1903  (Ann.  Rept. 
Office  Exp.  Stations,  June  30,  1903),  Washington,  1904, 
pp.  429-450. 

Discusses  white  ants  {Entermes  morio'i)  (pp.  442- 
443),  changa  (pp.  443-447),  Exophthalmiis  spengleri 
(p.  446)  and  the  larva  of  a  weevil  (apparently  Sphe- 
nophorus)  (p.  448). 

(18)  1904.  Earle,  F.  S. 

Report  on  Observations  in  Porto  Rico.  In  Ann.  Rept., 
P.  R.  Agr.  Exp.  Sta.,  U.  S.  D.  A.,  for  1903  (Ann.  Rept. 
Office  Exp.  Stations,  June  30,  1903),  Washington,  1904, 
pp.  454-468. 

Note  on  Lachnosterna  sp.  (p.  459)  and  a  small  ant, 
presumably  Solenopsis,  injuring  orange  trees. 

(19)  1905.  Barrett,  0.  W. 

Report  of  the  Entomologist  and  Botanist.  In  Ann.  Rept., 
P.  R.  Agr.  Exp.  Sta.,  U.  S.  D.  A.  for  1904  (Ann.  Rept. 
Office  Expt.  Stations.  June  30,  1904),  Washington,  1905, 
pp.  387-399. 

Discusses  Solenopsis  germinata  on  citrus  (p.  388), 
also  the  changa,  the  termite  {Entermes  morio),  the 
weevil  {Exophthalmiis  spengleri)  and  4  Lamellicorn 
beetles  (p.  396). 

(20)  1905.  Kellogg,  Vernon  L. 

American  Insects,  New  York,  Henry  Holt  and  Company, 
1905,  pp.  694,  plates. 

Scapteriscus  didactylus  in  Porto  Rico,  p.  161. 

(21)  1905.  Van  Leenhoff,  J.,  Jr. 

Tobacco  Investigations  in  Porto  Rico  during  1903-4.  Bui. 
5,  P.  R.  Agr.  Exp.  Sta.,  IT.  S.  D.  A.,  Mayagiiez,  1905, 
pp.  47. 

Note  on  control  of  changa,  p.  13. 

(22)  1906.  Cook,  Melville  T. 

Informe  del  Departamento  de  Patologia  Vegetal.  In  Pri¬ 
mer  Informe  Anual,  Estacion  Central  Agronomica  de 
Cuba,  Apr.  1,  1904,  to  June  30,  1905,  Habana,  1906,  pp. 
147-207. 

Note  on  damage  of  changa  in  P.  R.,  p.  198. 
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(23)  1906.  Evans,  W.  H. 

Exliibitions  and  notes,  p.  22.  In  Proc.  Hawaiian  EnL 
Soc.,  I  (1905),  Apr.  3,  1906,  p.  22. 

Mentions  the  fire  flies  (Pyropliorns)  and  Scapteris- 
CHS  didactylus  Latr.  in  Porto  Rico. 

(21)  1906.  Henricksen,  H.  C. 

Report  of  the  Hortieultnrist.  In  Rept.  on  Agr.  Investiga¬ 
tions  in  P.  R.,  1905  (Bnl.  171,  Office  Exp.  Stations,  U.  S.. 
D.  A.,  1906),'  pp.  23-11. 

Notes  May-beetle  (pp.  21-28),  brown  ant  (p.  28 
and  Exoplithalmus  spengleri  (p.  27)  among  citrus 
pests. 

(25)  1906.  May,  D.  AY. 

(Report  of  Special  Agent  in  Charge.)  In  Rept.  on  Agr, 
Investigations  in  P.  R.,  1905  (Bnl.  171,  Office  Exp.  Sta¬ 
tions,  U.  S.  D.  A.,  1906),  pp.  1-21. 

Alentions  Diatrcea  saccJiarcdis  Fab.  damaging  cane, 

(26)  1907.  Tower,  AY.  AC 

Report  of  the  Entomologist  and  Plant  Pathologist.  In 
Ann.  Rept.,  P.  R.  Agr.  Exp.  Sta.  for  1906,  Alayagiiez,. 
Apr.  18,  1907,  pp.  25-28. 

Notes  the  Alay-beetle  and  leaf-weevil,  Diaprepes 
spengleri  (p.  26),  among  citrus  pests,  and  Diatrcea 
saccharcdis  (p.  28)  as  damaging  cane. 

(27)  1908.  May,  D.  AY. 

Summary  of  Investigations.  In  Ann.  Rept.,  P.  R.  Agr. 
Exp.  Sta.  for  1907,  Mayagtiez,  May  1,  1908,  pp.  1-15. 
Alentions  cluing  a  and  ants  (p.  10)  in  relation  to 
cane  planting. 

(28)  1908.  Tower,  AY.  Y. 

Control  of  the  Brown  Ant  (Solenopsis  germinafa  Fabr.) 
and  the  Mealy  Bug  {Pseudococcus  citri  Risso)  in  Pine¬ 
apple  Plantations.  Circ.  7,  P.  R.  Agr.  Exp.-  Sta.,  U.  S. 
D.  A.,  Mayaguez,  1908. 

(29)  1908.  Tow^er,  AY.  AC 

Report  of  the  Entomologist  and  Plant  Pathologist.  In 
Ann.  Rept.  P.  R.  Agr.  Exp.  Sta.  for  1907,  Alayagiiez, 
Alay  1,  1908,  pp.  31-38. 

Discusses  Diaprepes  (p.  31)  and  Lachnosterna  (p. 
32)  as  citrus  pests,  clianga  (p.  39)  as  tobacco  pest 
and  mealy  bugs  (p.  36),  SplienopJwrus  sp.  and  Xgle- 
horus  sp.  (p.  37)  as  cane  pests. 

(30)  1908.  AYheeler,  Dr.  AYm.  AI. 

The  Ants  of  Porto  Rico  and  the  A^irgin  Islands.  Bnl.  Am. 
AIus.  of  Nat.  Hist.,  AML  24,  Feb.  7,  1908,  pp.  117-158, 
pis.  2. 

(31)  1909.  Kirkaldy,  G.  AY. 

A  Bibliography  of  Sugar-Cane  Entomology.  Exp.  Sta.. 
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II.  S.  P.  A.,  Div.  of  Eiit.,  Bui.  8,  Honolulu,  Dec.  24 
1909,  pp.  73. 

Lists  various  puhlications  and  articles  dealing  witti 
P.  K.  cane  pests. 

(32)  1909.  Rhen,  James  A.  G. 

A  Catliolog  of  the  Ortlioptera  of  Cuba  and  the  Isle  of 
Pines.  In  Second  Report,  Part  2,  Estacion  Central 
Agronomica  de  Cuba,  Habana,  1909,  pp.  175-226. 

Records  Scapteriscus  didaciyJus  Latr.  (p.  217)  and 
Orocharis  vaginalis  Sans.  (p.  225)  as  occurring  in 
Porto  Rico. 

(33)  1909.  Tower,  TT.  Y. 

Report  of  the  Entomologist.  In  Ann.  Rept.  P.  R.  Agr. 
Exp.  Sta.  for  1908,  Mavagiiez,  Sept.,  1909,  pp.  23-28. 
Notes  Diaprepes  and  May  beetle  (p.  25)  as  citrus 
pests. 

(34)  1910.  May,  D.  W. 

Sugar  Cane  in  Porto  Rico.  In  Bui.  9,  P.  R.  Agr.  Exp. 
Sta.,  V.  S.  D.  A.,  Mayaguez,  Apr.  1910,  pp.  44. 

Mentions  the-  clianga  and  the  white  grub  as  impor¬ 
tant  cane  pests,  p.  44. 

(35)  1910.  Moore,  E.  L. 

Insect  Pests  and  Their  Extermination.  In  The  Porto  Rico 
Horticultural  News,  San  Juan,  Sept.  1910,  pp.  134,  143- 
144. 

Discusses  the  clianga,  p.  143. 

(36)  1910.  Tower,  W.  Y. 

Report  of  the  Entomologist.  In  Ann.  Rept.  P.  R.  Agr. 
Exp.  Sta.  for  1909,  i\Iayaguez,  Sept.,  1910,  pp.  24-28. 
Discusses  injury  to  cane  by  Lachnosterna  larvse  (p. 
25). 

(37)  1911.  JoHxsTOx,  J.  R. 

First  Rept.  of  the  Pathologist.  In  Bui.  1.  Exp.  Sta.,  P.  R 
S.  P.  A.,  Rio  Piedras,  1911,  pp.  35-48. 

Mentions  white  grub  and  root  diseases  (pp.  36-37), 
root  diseases  and  flies  (p.  39).  red  rot  and  borers  (p. 
45),  and  toprot  and  moth  borer  (p.  47). 

(38)  1911.  Tower,  M.  Y. 

Report  of  the  Entomologist.  In  Ann.  Rept.,  P.  R.  Agr. 
Exp.  Sta.  for  1910,  Mayaguez,  July  17,  1911,  pp.  31-34. 
Discusses  cane  insects  of  Cuba  compared  with  those 
of  Porto  Rico,  pp.  33-34. 

(39)  1911.  Tower,  W.  Y. 

Insects  Injurious  to  Citrus  Fruits  and  Methods  for  Com¬ 
batting  Them.  Bui.  10,  P.  R.  Agr.  Exp.  Sta.,  U.  S. 
D.  A.,  Mayaguez,  Maj"  8,  1911,  pp.  35,  pis.  5. 

Deals  with  Diaprepes  spengleri  (p.  8),  Lachnosterna 
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sp.  (p.  10),  and  Solenopsis  geminata  (p.  11),  among 
citrus  pests. 

(40)  1911.  Van  Dine,  D.  L. 

First  Report  of  the  Entomologist.  Bui.  1,  Exp.  Station, 
P.  R.  Sugar  Growers’  Assn.,  Rio  Piedras,  1911,  pp. 
17-31. 

Discusses  at  length  Diatrcea  saccharaUs  Fab.  (pp. 
19-22),  Laclinosterna  sp.  (pp.  22-27),  changa  (pp. 
27-29),  Fseudococcus  saccliari  (p.  29)  and  Metama- 
sius  hemipterus  (pp.  29-30). 

(41)  1911.  Dine,  D.  L. 

The  Sugar-Cane  Insects  of  Hawaii.  U.  S.  D.  A.,  Bu.  Ent., 
Bui.  93,  June  15,  1911,  pp.  54,  pis.  4,  figs.  5. 

Notes  Sphenopliorus  sexguttatus  Drury  (p.  36) 
{=  Metamasius  liemipterus  Linn.)  and  Scapteriscus 
didactylus  (p.  45)  as  occurring  in  Porto  Rico. 

(42)  1912.  Holloway,  T.  E. 

Insects  Liable  to  Dissemination  in  Shipments  of  Sugar 
Cane.  U.  S.  D.  A.,  Bu.  Ent.,  Cir.  165,  Dec.  27,  1912, 

pp.  8. 

Notes  Pseudococciis  saccliari  (Ckll.)  and  Scapteris¬ 
cus  didactylus  Latr.  (p.  5)  from  Porto  Rico. 

(43)  1912.  Hooker,  Chas.  W. 

The  Ichneumon  Flies  of  America  belonging  to  the  tribe 
Ophionini.  Trans.  Am.  Ent.  Soc.,  Yol.  38,  Nos.  1-2, 
June  12,  1912. 

From  Porto  Rico;  Opliion  Hlineatus  Say  (p.  45) 
and  Opliiopterus  forrugineus  Cress,  (pp.  176b-176c, 
addenda),  enemies  of  cutworms  and  grass  worms. 

(44)  1912.  Johnston,  John  R. 

Report  of  the  Pathologist.  In  2nd  Ann.  Rept.,  Exp.  Sta., 
P.  R.  S.  P.  A.,  for  1911-1912,  Rio  Piedras,  1912,  pp. 
23-28. 

Discusses  work  on  fungus  control  of  cane  insects 
(P.  27). 

(45)  1912.  Van  Dine,  D.  L. 

Damage  to  Sugar-Cane  Juice  by  the  Moth  Stalk-Borer 
{Diatrcea  saccharaUs  Fabr.).  Cir.  1,  Exp.  Sta.,  P.  R. 
S.  P.  A.,  Rio  Piedras,  1912,  pp.  11. 

(46)  1912.  Van  Dine,  D.  L. 

Progress  Rept.  on  Introductions  of  Beneficial  Parasites 
into  P.  R.  In  1st  Rept.  Bd.  of  Comm.  Agr.  of  P.  R.,  pe¬ 
riod  from  July  1,  1911  to  Jan.,  1912,  pp.  31-47. 

Discusses  insect  {Tiphia  and  Pyrgota)  and  fungus 
{Metarrhizium)  enemies  of  May-beetles,  and  the  lady- 
beetle  (Cryptolcemus)  enemy  of  mealy-bugs. 

(47)  1912.  Van  Dine,  D.  L. 

Rept.  of  the  Entomologist  (2d.  Rept.).  In  2nd  Ann. 
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Kept..  Expt.  Sta..  Sugar  Producers’  Assu.  of  P.  R.,  for 
1911-12,  Rio  Piedras,  1912.  pp.  15-22. 

Reports  ou  cane  pests,  especially  moth  borer,  5Iay- 
bt  etle.  mealybug  and  “leaf-hopper"  Delphax  sac- 
charii'ora  5Vestw.). 

(48)  1912.  TTaltox,  W.  R. 

A  New  Species  of  Tachinida?  from  Porto  Rico.  In  Pro¬ 
ceedings  Ent.  Soc.  of  TYashington.  yoI.  XIV,  Xo.  4, 
Jan.  10.  1912.  pp.  198-200,  pl.^X. 

Description  of  Crypfomeigenia  aunfacies  n.  sp., 
reared  from  the  “sugar  cane  May-beetle.'^ 

(49)  1913.  B ALLOW,  H.  A. 

Root  Borers  and  Other  Grubs  in  VTest  Indian  Soils.  In 
Agricultural  Xews,  Barbados,  for  Mar.  29  (pp.  106- 
107).  Apr.  12  (p.  122).  Apr.  26  pp.  138-139 E  May 
10  I  pp.  15P-155).  Mav  24  (pp.  170-171)  and  June  7. 
1913  (p.  186;  table). 

Includes  discussions  of  known  Porto  Rican  species. 

(50)  1913.  Ballou.  H.  A. 

Root  Borers  and  Other  Grubs  in  VTest  Indian  Soils.  Pam¬ 
phlet  Series  Xo.  73,  Imp.  Dept.  Agr.  for  VT.  I.,  Bar¬ 
bados,  1913,  pp.  38,  figs.  21. 

Reprint  of  preceding,  with  illustrations  added. 

(51)  1913.  Caedin^  Pateicio. 

Xote  [supplementing  Preliminary  Report  on  the  Enemies 
of  Sugar-Cane  in  Cuba,  by  J.  S.  Houser).  In  Estacion 
Experimental  Agronomica  de  Cuba.  Cii\  43,  Santiago 
de  las  Vegas,  1913,  pp.  2-D-29. 

States  (p.  29)  that  ‘‘el  picudo’*  (lletamas^ius  seyl- 
ceus  ORt.)  of  the  report  is  the  same  as  that  causing 
great  damage  in  P.  R.  and  Lesser  Antilles. 

(52)  1913.  Ceossman,  S.  S. 

“La  Changa'T  Scapteriscus  clklactylus.  In  Second  Rept., 
Board  of  Comm.  Agr.  of  P.  R.,  1912-1913,  pp.  32-35. 

Discusses  control  as  a  tobacco  pest. 

(53)  1913.  Felt,  E.  P. 

Three  Xew  Gall  Midges  (Diptera).  In  Canadian  Ento¬ 
mologist.  Vol.  45,  Xo.  9,  Sept.  1913,  pp.  301r-308. 

Describes  Karsclwmyiu  cocci  n.  sp.  from  PatiLlas. 
P.  R..  and  Mycoeliplosis  insularis  n.  sp.  from  Rio 
Piedras,  P.  R. ;  reared  from  mealy-bug  on  sugar 
cane  and  from  red-spider. 

(54)  1913.  Hood,  J.  D. 

Two  Xew  Thysanoptera  from  Porto  Rico.  In  Insecutoi 
InsciticU  Menstruus,  Vol.  1,  X'o.  6.  June  1913,  pp.  65-70, 

pi- . 

Describes  Podothrips  senuiiavus  n.  sp.  from  Pani- 
cum  harhinode  and  sugar  cane  at  Guanica,  P.  R. 
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(55)  1913.  Hooker,  C.  "W. 

Entomological  Conferences  in  Porto  Pico.  In  Jl.  Econ. 
Ent.,  Tol.  6,  No.  1,  Feb.  1913,  pp.  148-150. 

Notes  briefly  papers  on  May-beetles  of  P.  R.  (by 
D.  L.  Tan  Dine),  cane  aphis  (T.  H.  Jones),  the  changa 
(S.  S.  Crossman),  a  fungus  parasite  of  cane  mealy-bug 
(R.  C.  McConnie),  and  cane  insect  T^'ork  at  Guanica 
(T.  C.  Murphy).  ' 

(56)  1913.  Hooker,  C.  W. 

Report  of  the  Entomologist.  In  Ann.  Rept.,  P.  R.  Agr. 
Exp.  Sta.  for  1912,  Washington.  Julv  26,  1913,  pp. 
34-38. 

Discusses  a  Tachinid  parasite  {Cryptomeigenia  sp.) 
of  May-beetles  (p.  35)  and  attempted  use  of  the  fun¬ 
gus,  Iletanliizium  anisoplice,  against  Mav-beetles  (pp. 
36-37). 

(57)  1913.  JoHxsTOx,  J.  R. 

Report  of  the  Pathologist.  In  3d.  Ann.  Rept.  (Bui.  5) 
of  Exp.  Sta.  P.  R.  S.  P.  A.,  Rio  Piedras,  Aug.  1913,  pp. 
22-24. 

Discusses  use  of  Hawaiian  beetle  fungus  against 
May-beetles  (pp.  23-24),  and  of  other  fungi  against 
cane  pests. 

(58)  1913.  Jones,  T.  H. 

Some  Notes  on  LapJiygma  frugiperda  S.  &  A.  in  Porte 
Rico.  In  Jl.  Econ.  Ent.,  Yol.  6,  No.  2.  April,  1913,  pp. 
230-236. 

Discusses  this  species  and  Bemigia  repanda  Fab.  as 
cane  pests. 

(59)  1913.  Quatntance,  A.  L. 

Remarks  on  Some  of  the  Injurious  Insects  of  Other  Coum 
tries.  In  Proc.  Ent.  Soc.  Washington,  Yol.  15,  No.  2, 
June  10,  1913,  pp.  54—83. 

Mentions  from  P.  R. :  Scapteriscus  didactylus  Latr. 
(p.  57),  Pseudococcus  saccliari  Ckll.  (p.  63),  and 
LacJinosterna  spp.  (pp.  76-77). 

(60)  1913.  Towu:r,  W.  Y. 

Rept.  of  the  Entomologist’s  Inspection  Trip  to  Santo  Do¬ 
mingo.  In  2nd.  Rept.,  Board  Comm.  Agr.  of  P.  R., 
1912-1913,  pp.  25-28. 

Supposed  identity  of  several  Santo  Domingo  cane 
pests  with  those  of  Porto  Rico. 

(61)  1913.  Yan  Dine,  D.  L. 

The  Insects  Affecting  Sugar  Cane  in  Porto  Rico.  In  Jl. 
Econ.  Ent.,  Yol.  6,  No.  2,  April,  1913,  pp.  251-257. 

Resume  of  all  published  information  on  cane  in¬ 
sects  of  P.  R.  to  that  date,  with  discussion  and  origi¬ 
nal  observations  on  each  pest. 


BIBLIOGRAPHY  OF  PORTO  RICAX  CANE  INSECTS. 


125 


(62)  1913.  VAX  Dixe,  D.  L. 

The  Introduction  of  Parasites  of  ^lay-beetles  into  Porto 
Pico.  In  Second  Kept.  Board  Comm.  Agr.  of  P.  R. 
for  1912-1913,  San  Juan.  June  30,  1913.  pp.  36-48. 
Introduction  of  TipJiia  inornata  cocoons  from  Illi¬ 
nois  (including  tables). 

(63)  1913.  VAX  Dixe.  D.  L. 

Report  of  the  Entomologist.  In  3rd.  Ann.  Rept.  Exp. 
Sta..  P.  R.  S.  P.  A.,  Rio  Piedras.  Aug.  1913,  pp.  25-46. 
List  and  bibliography  of  sugar-cane  pests  in  Porto 
Rico :  also  account  of  the  rhinoceros  beetle  and  the 
weevil  root-borer. 

(64)  1913.  VAX  Dixe,  D.  L. 

Insects  Injurious  to  Sugar-Cane  in  Porto  Rico,  and  Their 
Natural  Enemies.  In  Jl.  Board  Agr.,  Brit.  Gniana.  Vol. 
6,  No.  4.  pp.  199-203. 

(65)  1913.  IValtox,  "W.  R. 

New  North  American  Tachinida?  (Diptera).  In  Entomo¬ 
logical  News.  Vol.  24.  No.  2.  Feb..  1913.  pp.  49-52.  pi.  1. 
Description  of  Euirixoides  jonesii  gen.  et  sp.  nov,, 
from  Porto  Rico,  reared  from  Lachnosterna  (pp.  50- 
51). 

(66)  1913.  Wolcott.  George  N. 

Report  on  a  Trip  to  Demerara,  Trinidad  and  Barbados 
During  the  Winter  of  1913.  In  3d  Ann.  Rept.  (Bui. 
5).  Eip.  Sta.  P.  R.  S.  P.  A.,  Rio  Piedras,  Aug.  1913, 
pp.  47-68. 

Compares  cane  pests  of  these  countries  with  those 
of  Porto  Rico. 

(67)  1913.  Wolcott,  CIeorge  N. 

Report  on  a  Trip  to  Demerara.  Trinidad  and  Barbados 
Diirinsr  the  Winter  of  1913.  In  Jl.  Econ.  Ent..  Vol. 
6,  No.^6  (Dec.  1913),  pp.  443-457. 

Extract  of  the  preceding  article. 

(68)  1913. - . 

Useful  Birds  of  Porto  Rico.  In  Porto  Rico  Progress,  Vol. 
4.  No.  13.  pp.  1:3-14.  f  Noted  from  Experiment  Station 
Record.  Vol.  28.  No.  8.  June  1913,  p.  751.) 

Several  species  of  herons  found  by  Biological  Sur¬ 
vey  to  destroy  clianga. 

(69)  1913. - . 

Destruction  of  Mole  Crickets  in  Porto  Rico  by  the  Heron 
and  Gaulding.  In  The  Agricultural  News.  Barbados. 
Sept.  27.  1913.  p.  314. 

Review  of  article  in  Exp.  Sta.  Record  for  June, 
1913. 
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(70)  1913. - . 

An  Entomological  Visit  to  the  United  States.  In  The  Ag- 
ricnltnral  News,  Barbados,  Oct.  25,  1913,  p.  346. 

Includes  visit  to  P.  R.  and  brief  discussion  of  cane 
pests  of  the  Island. 

(71)  1914.  Baldou,  H.  a. 

Insect  Pests  of  Sugar  Cane  in  Antigua  and  St.  Kitts. 
Pamphlet  Series  No.  75,  Imp.  Dept.  Agr.  for  W.  I.,  Bar¬ 
bados,  1914,  pp.  45,  pi.  1,  figs.  20. 

Notes  Strategus  titamis  (p.  43)  and  Diaprepes  spen- 
gleri  (pp.  41-43)  as  occurring  in  P.  R. 

(72)  1914.  Jones,  T.  H. 

Sugar-Cane  Insects  in  Porto  Rico.  In  Jl.  Econ.  Ent.,  Vol.- 
8,  No.  6,  Dec.  1914,  pp.  461-463.  (See  Review  Applied 
Ent.,  A,  III,  3,  March  1915,  p.  134.) 

Discusses  known  cane  insect  pests  of  the  Island,  in¬ 
cluding  a  number  not  before  recorded  {Pseudo coccus 
calceolarice,  Aphis  setarice,  Prenes  ares,  Tetranychus 
sp.  and  2  species  of  thrips). 

(73)  1914.  Leng,  Chas.  W.,  and  Mutchler,  A.  J. 

A  Preliminary  List  of  the  Coleoptera  of  the  West  Indies 
as  Recorded  to  January  1,  1914.  Bulletin  of  Am.  Mus. 
Nat.  Hist.,  Vol.  23,  Art.  30,  pp.  391-493,  New  York,  Aug. 
26,  1914. 

Beetles  known  to  attack  cane  listed  from  P.  R.  on 
pages  442,  454,  469,  478  and  480. 

(74)  1914.  Pierce,  W.  Dwight. 

Description  of  Two  New  Species  of  Strepsiptera  (Halco- 
tophagidse)  Parasitic  on  Sugar-Cane  Insects.  In  Proc. 
Ent.  Soc.  Washington,  XVI,  3,  Sept.  1914,  pp.  126-129. 

Stenocramis  saccharivorus  parasitized  by  Stenocra^ 
nophilus  quadratus  gen.  et  sp.  nov.  at  Rio  Piedras,  P.  R., 
in  Oct.  1912. 

(75)  1914.  Van  Zwaluwenburg,  R.  H. 

Preliminary  Check  List  of  Porto  Rican  Insects,  Mayagiiez, 
Sept.  1914,  pp.  62.  (Additions  to  same,  March  1915, 
pp.  15.) 

Mimeographed  list  distributed  to  friends  and  mu¬ 
seums.  Cane  pests  listed,  under  orders. 

(76)  1914.  Walton,  W.  R. 

Pour  New  Species  of  Tachinid^  from  North  America.  In 
Proc.  Ent.  Soc.  Washington,  XVI,  2,  pp.  93-95.  Wash¬ 
ington,  June  1914. 

Describes  two  from  P.  R.,  Linnemyia  fulvicauda 
from  Remigia  repanda,  and  Compsilura  oppugnator 
from  Cirplvis  latiuscida. 

(77)  1914.  Wolcott,  George  N. 

Notes  on  the  Life-History  and  Ecology  of  Tiphia  inornata 
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Sav.  In  Jl.  Eeon.  Ent..  Vol.  7.  Xo.  5.  Oet.  1914.  pp 
3s2-^lS9. 

Stiidiies  ill  connection  with  collection  of  cocoons  for 
shipment  to  Porto  Rico. 

(7S  1914. - . 

Termites  or  White  Aiix>.  In  Agricultural  News.  Vol.  13 
Xo.  309.  Feb.  2>.  1914.  p.  74. 

States  that  "the  species  of  Eufenms  are  known  to 
attack  cane  plants  in  the  ^eld  in  Antigua  and  Portr 
Rico,  "  and  Ksts  E.  acaguilas  from  P.  R. 

79  >  1915.  Ball«:iu.  H.  A. 

Xotes  on  Porto  Rico  Insects.  In  The  Agr.  Xews,  Barbados. 
Aug.  2S.  1915.  p.  2S2. 

Reviews  Circular  6.  P.  R.  Insular  Exp.  Sta..  on 
"the  c1ianga'\ 

(SO  <  1915.  Ce^jssmax.  S.  S..  axd  Wolcott.  G.  X. 

Control  of  the  Changa.  Cir.  6,  Insular  Exp.  Sta.  of  P.  R. 
Rio  Piedras.  1915.  pp.  3. 

Recommends  a  bait  of  flour  and  Paris  green. 

•  SI  1915.  Flske,  R.  J. 

Report  of  the  Quarantine  Inspection  Work.  In  3d  Rept.. 
Beard  Comm..  Agr.  of  P.  R..  1913-1914.  San  Juan.  1915 
pp.  14-19. 

Mentions  the  fire  ant  ( Solenopsis  geminatai  as  "a 
very  serious  pest  to  the  fruit,  cofiee.  and  sugar  indus¬ 
try”  Cp.  19). 

(S2  1915.  Holloway,  T.  E. 

Fighting  the  Sugar-Cane  Borer  with  Parasites  and  Poi¬ 
sons.  In  The  Louisiana  Planter.  Dec.  IS.  1915.  pp.  397- 
39S. 

Discusses  the  effects  of  trash  burning  and  of  rain 
faU  on  Diatra-a  in  Porto  Rico. 

(S5  1915.  JoHXSTtjx,  J.  R. 

Report  of  the  Work  of  the  Department  of  Pathology.  In 
3d  Report.  Board  Comm.  Agr.  of  Porto  Rico.  1913^1914. 
San  Juau  1915.  pp.  63-»>4. 

Xotes  an  experiment  in  the  use  of  Green  Muscardine 
fungus  to  control  May-beetles. 

(S4  1915.  JoHxsTox,  Josx  R. 

The  Entomogenous  Fungi  of  Porto  Rico.  Bui.  10,  Board 
Comm.  Agr.  of  P.  R..  Rio  Piedras.  Mar.  15.  1915.  pp. 
33.  pis.  9. 

Fung!  attacking  cane  insects:  Agrosialagnius  albus 
<  p.  10  .  Aspergillus  jfavus  pp.  14— IS  ).  Botrytis  rileyi 
(pp.  lS-19  .  Isaria  harlteri  (pp.  20.  24—25),  Empnso 
splmrosperma  (pp.  22— 23  l  Isaria  sp.  (pp.  25-26). 
and  Iletarrhizium  anisoplien  (pp.  26-2SX 
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(85)  1915.  Jones,  Thos.  H. 

Report  of  the  Department  of  Entomology.  In  Third  Re¬ 
port,  Board  Comm.  Agr.  of  P.  R.,  1913-1914,  San  Juan, 
1915,  pp.  19-25. 

Discusses  work  on  May-beetles  and  their  introduced 
parasites,  and  proposed  work  on  other  cane  pests. 

(86)  1915.  Jones,  T.  H. 

Aphides  or  Plant  Lice  Attacking  Sugar-Cane  in  Porto 
Rico.  Bui.  11,  Exp.  Sta.  of  Board  Comm.  Agr.  of  P.  R., 
Mar.  15,  1915,  pp.  19,  pis.  2. 

Life-history  and  habits  of  Sipha  flava  Forbes  and 
Aphis  setarice  Thos. 

(87)  1915.  Jones;  T.  H. 

The  Sugar-Cane  Moth  Stalk-Borer  {Biatrma  saccharalis 
Fabr.).  Bui.  12,  Exp.  Sta.  of  Board  Comm.  Agr.  of 
P.  R.,  Rio  Piedras,  Mar.  16,  1915,  pp.  30,  figs.  8. 

Life-history,  parasites,  control,  etc, 

(88)  1915.  Jones,  Thomas  H. 

Insects  affecting  Vegetable  Crops  in  Porto  Rico.  Bui.  192, 
JJ.  S.  D.  A.,  Washington,  Apr.  8,  1915,  pp.  11,  pis.  4. 

Discusses  Scapteriscus  didactylns  Latr.  (p.  4),  Dia- 
brotica  graminea  Bal.  (p.  5),  Laphygma  fungiperda 
S.  &  A.  (p.  7),  and  Solenopsis  gerninata  Fab.  (p.  9) 
as  vegetable  pests. 

(89)  1915.  Jones,  Thos.  H. 

The  Sugar-Cane  Weevil  Root-Borer  {Diaprepes  spengleri 
L.).  Bui.  14,  Exp.  Sta.,  Board  Comm.  Agr.  of  P.  R., 
Rio  Piedras,  Apr.  14,  1915,  pp.  19,  figs.  11. 

Life-history,  habits,  parasites,  control,  etc. 

(90)  1915.  Pierce,  W.  Dwight. 

Some  Sugar-Cane  Root-Boring  Weevils  of  the  West  Indies. 
In  Jl.  Agr.  Research,  Yol.  4,  No.  3,  Washington,  June 
15,  1915,  pp.  255-263,  pis.  A 

Groups  the  forms  of  Diaprepes  attacking  sugar 
cane  into  2  species,  famelicus  Oliv.  and  spengleri  Linn,, 

•  :  ■  the  latter  of  them  having  6  varieties,  3  of  which  occur 

in  Porto  Rico.  Gives  briefly  control  measures. 

(91)  1915.  Smyth,  E.  G. 

Report  of  Work  at  the  South  Coast  Laboratory.  In  3d. 
Report,  Board  Comm.  Agr.  of  P.  R.,  1913-1914,  San 
Juan,  1915,  pp.  40-53. 

Field  habits  and  control  of  3  species  of  Lachnos- 
ierna,  2  of  Dyscineius,  1  of  Ligyrus  and  1  of  Strate- 
gus  (cane  pests),  and  release  of  Tiphia  wasps  from 
Illinois. 

(92)  1915.  Tower,  W.  Y. 

Report  of  the  Secretary.  In  Third  Report,  Board  Comm. 
Agr.  of  P.  R.,  1913-1914,  San  Juan,  1915,  pp.  9-13. 


BIBLIOGEAPHY  OF  POKTO  EICAN  CANE  INSECTS. 


129 


Notes  work  “combating  the  clianga”  (p.  10),  and 
of  the  traveling  entomologist  “obtaining  parasites  of 
the  white-grub,  changa,  mealy-bug  and  moth-borer” 
(p.  11). 

(93)  1915.  Van  Zwaluyt:xburg,  R.  H. 

Report  of  the  Entomologist.  In  Rept.  P.  R.  Agr.  Exp. 
Sta.,  U.  S.  D.  A.,  for  1914,  Mayagiiez,  July  10,  1915, 
pp.  31-35. 

Eiseusses  control  of  Scapteriscus  didactylus  (pp. 
31-32),  of  May-beetles  by  a  bacterium  (p.  34),  and 
gives  note  on  Diaprepes  spengleri  (p.  35). 

(94)  1915.  Wolcott,  G.  N. 

Report  of  the  TraA^eling  Entomologist.  In  3d.  Rept, 
Board  Comm.  Agr.  of  P.  R.,  1913-1914,  San  Juan,  1915, 
pp.  25-40. 

Introduction  of  IMay -beetle  parasites  from  Illinois 
and  account  of  trips  to  Cuba  and  Jamaica  to  secure 
cane  insect  parasites. 

(95)  1915.  Wolcott,  George  N. 

Influencia  de  la  Iluvia  y  la  quemazon  de  la  paja  sobre  la 
abundancia  de  Diatrcea  saccliarcdis.  Cir.  7,  Insular  Exp. 
Sta.  of  P.  R.,  Rio  Piedras,  1915,  pp.  6. 

(96)  1916.  Ballou,  H.  A. 

Fighting  the  Sugar-Cane  Borer  with  Parasites  and  Poi¬ 
sons.  In  The  Agr.  News,  Barbados,  Apr.  22,  1916,  pp. 
138-139. 

Reviews  article  by  Holloway  in  Louisiana  Planter, 
Dec.  18,  1915.  Mentions  effects  of  rainfall  on  Dia- 
tr^a  in  P.  R. 

(97)  1916.  jMarshael,  G.  A.  K. 

On  New  Neotropical  Curculionid^e.  In  Ann.  and  Mag.  Nat. 
Hist.,  Yol.  18,  No.  108,  London,  Dec.  1916,  pp.  449-468. 

Discusses  the  synonymy  of  species  and  varieties  of 
Diaprepes  characterized  by  Pierce  ( Jl.  Agr.  Research, 
June  15,  1915). 

(98)  1916.  Merrill,  G.  B. 

Report  of  the  Tobacco  Insect  Investigations.  In  4th  Re¬ 
port,  Board  Comm.  Agr.  of  P.  R.,  1914-1915,  San  Juan, 
1916,  pp.  50-52. 

Discusses  control  of  changa  (pp.  50-51). 

(99)  1916.  Smyth,  E.  G. 

Report  of  the  South  Coast  Laboratory.  In  4th  Report, 
Board  Comm.  Agr.  of  P.  R.,  1914-1915,  San  Juan,  1916, 
pp.  45-50. 

Account  of  experimental  work  on  white  grubs,  and 
table  of  life-history  summaries  of  8  species  of  Seara- 
b^idas,  attacking  cane. 


130  JOUEXAL  OF  THE  DEPAETHEXT  OF  AGEICULTUEE. 

(100)  1916.  Stevexsox,  Johx  A. 

Report  of  the  Pathologist.  In  1th  Report,  Board  Comm. 
Agr.  of  P.  R.,  1911-1915,  San  Juan,  1916,  pp.  33—11. 
Work  with  the  Green  Muscardine  (pp.  31-35). 

(101)  1916.  Tow^er,  W.  V. 

Report  of  the  Secretary  and  Director.  In  1th  Report, 
Board  Comm.  Agr.  of  P.  R.,  1911-1915,  San  Juan,  1916, 
pp.  9-16. 

Notes  briefly  (p.  11)  the  year’s  work  on  cane  pests 
and  changa. 

(102)  1916.  Tax  Zwallavexburg,  R.  H. 

Report  of  the  Entomologist.  In  Rept.  P.  R.  Agr.  Exp. 
Sta.,  U.  S.  D.  A.,  for  1915,  Mayagliez,  Nov.  23,  1916, 
pp.  12-15. 

Discusses  Scapteriscus  didactylus  (p.  12),  Eutermes 
morio  as  a  timber  pest  (p.  13),  Strategus  quadrifo- 
veatiis  as  a  coconut  pest  (p.  11),  Apate  francisca  as 
a  mahogany  pest  (p.  11),  and  Sipha  flava  on  cane 
(p.  15). 

(103)  1916.  WET:y:oRE,  Alex. 

Birds  of  Porto  Rico.  Bui.  326,  Bu.  Biol.  Sur.,  U.  S.  D.  A., 
1916,  pp.  110,  pis.  10.  (=Bul.  15,  P.  R.  Insular  Exp. 
Sta.) 

Gives  stomach  contents  of  majority  of  P.  R.  birds, 
enumerating  cane  pests. 

(101)  1916.  Wolcott,  George  N. 

Report  of  the  Entomologist.  In  1th  Report,  Board  Comm. 
Agr.  of  P.  R.,  1911-1915,  San  Juan,  1916,  pp.  17-22. 
Gives  summary  of  bulletins  11,  12  and  11,  dealing 
with  cane  pests,  by  T.  H.  Jones. 

(105)  1916. - . 

The  Birds  of  Porto  Rico.  In  the  Agricultural  News,  Bar¬ 
bados,  July  1,  1916,  p.  219. 

Review  of  Bulletin  326,  U.  S.  D.  A.,  by  Alex  Wet- 
more;  discusses  bird  enemies  of  cane  insects  in  P.  R. 

(106)  1917.  Hutsox„  J.  C. 

Some  Weevils  of  the  genus  Diaprepes  in  the  West  Indies. 
In  The  Agricultural  News,  Barbados,  June  16,  1917, 

p.  186. 

Gives  table  and  distribution  of  species  recently  de¬ 
termined  by  Dr.  Pierce. 

(107)  1917.  Hltsox,  J.  C. 

White  Gmbs  Injuring  Sugar-Cane  in  Porto  Rico.  In  The 
Agricultural  News,  Barbados,  July  11  (pp.  218-219), 
July  28  (p.  231),  and  Aug.  11,  1917  (pp.  250-251). 
Review  and  discussion  of  article  of  same  title  by 
Smvth  in  Jl.  Dept.  Agr.  of  P.  R.,  Yol.  1,  No.  2,  pp. 
17-92. 
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(108)  1917.  Hutson,  J.  C. 

Sugar-Cane  White  Grubs  in  Porto  Pico,  hi  Tlie  Agricul¬ 
tural  News,  Barbados,  Oct.  20,  1917,  pp.  330-381. 

Review  and  discussion  of  article  on  white-grubs  by 
Smvth  in  Jour.  Dept.  Agr.  of  P.  R.,  Vol.  1,  No.  3,  pp. 
111-169. 

(109)  1917.  Jones,  T.  H. 

A  List  of  the  Coccida^  of  Porto  Rico.  In  Jl.  of  Board 
Comm.  Agr.  of  P.  R.,  Vol.  1,  No.  1,  Jan.  1917,  pp.  1-16. 

Lists  Pseudococcus  calceolarioe  Mask.  (p.  4),  Ps. 
sacchari  Ckll.  (p.  5),  Aclerda  tokionis  Ckll.  (p.  8)  and 
Aspidiofus  sacchari  Ckll.  (p.  12)  as  cane  pests. 

(110)  1917.  Smyth,  E.  G. 

The  White-Grubs  Injuring  Sugar-Cane  in  Porto  Rico,  Part 

1.  IMelolonthids.  In  Jl.  Dept.  Agr.  of  P.  R.,  Vol.  1,  No. 

2,  Apr.  1917,  pp.  47-92,  pis.  8,  and  Vol.  1,  No.  3,  July 
1917,  pp.  141-169. 

Researches  into  the  life-history,  damage,  distribu¬ 
tion,  parasites,  etc.,  of  4  new  species  of  Phyllophaga 
{=  Lachnosterna)  and  1  new  species  of  Phytalus. 

(111)  1917.  Smyth,  E.  G. 

The  White-Grubs  Injuring  Cane  and  Other  Crops  in  Porto 
Rico.  In  Porto  Rico  Progress,  San  Juan,  May  18,  1917. 

Popular  account  of  their  injuries  and  life-histories. 

(112)  1917.  Smyth,  E.  G. 

Report  of  the  Entomological  Department.  In  Ann.  Rept. 
Insular  Exp.  Sta.  of  P.  R.,  1916-1917,  Rio  Piedras, 
1917,  pp.  99-106. 

Account  of  cane  insects  intercepted  from  Santo  Do¬ 
mingo,  and  of  fumigation  of  cane  steamers  (pp.  105- 
106). 

(113)  1917.  Ste^h:;nson,  J.  A. 

Report  of  the  Pathologist.  In  5th  Report,  Board  Comm. 
Agr.  of  P.  R.,  1915-1916,  San  Juan,  1917,  pp.  35-74. 

States  (p.  68)  that  moth  stalk-borer  larvae  pass 
through  uninjured  when  cane  trash  is  burned. 

(114)  1917.  Ste\t:nson,  John  A. 

Report  of  the  Department  of  Pathology  and  Botany.  In 
Ann.  Rept.,  Insular  Exp.  Sta.  of  P.  R.,  1916-1917,  Rio 
Piedras,  1917,  pp.  37-98. 

Notes  (p.  56)  injury  to  cane  experiments  by  Dia- 
trcea,  Diaprepes  spengleri  and  Phyllophaga  spp. 

(115)  1917.  Tower,  W.  V. 

Report  of  the  Director.  In  5th  Report,  Board  Comm.  AgT. 
of  P.  R.,  1915-1916,  San  Juan,  1917,  pp.  9-15. 

Notes  briefly  work  on  Diatrcea  saccharalis  (p.  14) 
and  on  changa  (p.  15). 
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(116)  1917.  Van  Zwaluwenburg^  R.  H. 

Insects  Affecting  Coffee  in  Porto  Rico.  In  Jl.  Econ.  Ent., 
Vol.  10,  No.  6,  Dee.  1917,  pp.  513-517. 

Discusses :  Apate  fransisca  Fab.  (p.  516)  and  the 
May-beetles  and  their  two  Tachinid  parasites  (p. 
517). 

(117)  1917.  Wolcott,  G.  N 

Report  of  the  Entomologist,  hi  5th  Report,  Board  Comm. 
Agr.  of  P.  R.,  1915-1916,  San  Jnan,  1917,  pp.  75-85, 
pi.  1. 

Effect  of  rainfall  and  trash  burning  upon  infesta¬ 
tion  of  cane  by  Diatrcea  saccJiaralis  (pp.  80-85). 

(118)  1918.  Cotton,  R.  T. 

Experimental  Work  on  the  Control  of  the  White  Grubs 
of  Porto  Rico.  In  Jl.  Dept.  Agr.  of  P.  R.,  Vol.  2,  No. 
1,  Jan.  1918,  pp.  1-18. 

Deals  with  the  larvae  of  PJiyllopliaga,  mainly  as 
sugar-cane  pests.  Summarizes  work  of  other  inyesti- 
gators. 

(119)  1918.  Cotton,  R.  T. 

Medios  para  Combatir  Ics  Gusanos  Blancos.  Cir.  12,  In¬ 
sular  Exp.  Sta.  of  P.  R.,  Rio  Piedras,  1918,  pp.  7. 
Control  measures  for  white-grubs. 

(120)  1918.  Cotton,  R.  T. 

Insects  Attacking  Vegetables  in  Porto  Rico.  In  Jl.  Dept. 
Agr.  of  P.  R.,  Vol.  2,  No.  3,  Oct.  1918,  pp.  265-317, 
figs.  67. 

Discusses:  CJianga  (p.  270),  grasshoppers  (p.  272), 
white-grubs  (p.  274),  Laphygma  frugiperda  (p.  288), 
Diatrcea  saccharalis  (p.  290),  fire  ant  (p.  296),  and 
Diabrotica  graminea  (p.  302). 

(121)  1918.  Hutson,  J.  C. 

The  Production  of  Light  in  Certain  Animals.  In  The 
Agricultural  News,  Barbados,  Jan.  12,  1918,  pp.  10-11. 
^Mentions  larvae  of  Pyrophorus  luminosiis  as  preda¬ 
cious  on  white-grubs  in  cane  fields  in  P.  R. 

(122)  1918.  Hutson,  J.  C. 

The  West  Indian  Mole  Cricket  or  Change.  In  The  Agri¬ 
cultural  News,  Barbados,  Apr.  6,  1918  (pp.  106-107, 
fig.  1),  and  Apr.  20,  1918  (p.  122). 

Review  and  discussion  of  Bui.  23,  P.  R.  Agr.  Exp. 
Sta.,  U.  S.  D.  A. 

(123)  1918.  Stevenson,  J.  A. 

The  Green  Muscardine  Fungus  in  Porto  Rico.  In  Jl.  Dept. 
Agr.  of  P.  R.,  Vol.  2,  No.  1,  Jan.  1918,  pp.  19-32,  pi.  1. 
Twenty-one  out  of  29  recorded  insect  hosts  are  cane 
pests. 

(124)  1918.  Stevenson,  J.  A. 

A  Check  List  of  Porto  Rican  Fungi  and  a  Host  Index.  In 
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Jl.  Dept.  Agr.  of  P.  R..  Vol.  2.  Xo.  3,  Jiilv  1918,  pp. 
125-261. 

Funei  attackins:  cane  insects,  pp.  131.  207.  208  and 
218. 

(125)  1918.  Vax  Zwaluwexburg,  R.  H. 

Report  of  the  Entomologist.  In  Rept.,  P.  R.  Agi\  Exp. 
Sta..  U.  S.  D.  A.,  for  1916,  Mavas’iiez.  Feb.  5,  1918,  pp. 
25-28,  pi.  1. 

Discusses  light  trapping  of  May-beetles  (pp.  25, 
26),  Scapteristus  vicinus  (p.  25).  and  Sipha  ilava  (p. 
28).  States  that  termite  previously  reported  as  Euter- 
nies  morio  is  Cryptotennes  sp. 

(126)  1918.  Vax  ZwALrwEXBUEG,  R.  H. 

The  Changa  or  West  Indian  Mole  Cricket.  Bill.  23,  P.  R. 
Agr.  Exp.  Sta.,  U.  S.  D.  A.,  Mayagiiez,  Feb.  12,  1918, 
pp.  28,  pis.  3. 

Considered  *^the  most  serious  insect  pest  of  general 
agriculture  in  Porto  Rico.  ”  Bibliography  of  54  titles 
appended. 

(127)  1918.  Tax  Zivaluwexbueg,  R.  H. 

Some  Means  of  Controlling  Insects,  Fungi,  and  Other  Pests 
in  Porto  Rico.  Cir.  17.  P.  R.  Agr.  Exp.  Sta.,  U.  S.  D.  A., 
Mayagiiez,  June  27,  1918,  pp.  30. 

Includes  special  control  measures  for  cut-ivorms, 
changa,  fire-ant,  etc. 

(128)  1918.  Tax  ZwALrwEXBURG,  R.  H. 

Report  of  the  Entomologist.  In  Rept.  P.  R.  Agr.  Exp. 
Sta..  F.  S.  D.  A.,  for  1917,  Mavagiiez.  Sept.  20,  1918, 
pp.  33-34. 

Notes  light  trapping  of  chan  gas,  Strategus  quadri- 
foveatus  as  a  coconut  pest,  and  tests  of  cyanamid  as 
remedy  for  white  grubs  (p.  34). 

(129)  1919.  Ballou,  H.  A. 

The  Toad  in  the  West  Indies.  In  The  Agricultural  News, 
Barbados,  Nov.  29,  1919,  i)p.  378-379. 

Discusses  the  proposed  introduction  of  toads  into 
Porto  Rico  to  combat  white-gimbs  (see  number  132, 
this  Hst). 

(130)  1919.  CoLGx,  E.  D. 

Report  of  the  Director.  In  Ann.  Rept..  Insular  Exp.  Sta. 
of  P.  R.  for  June  30,  1918.  Rio  PiecFas,  1919,  pp.  6-77. 

Review  of  entomological  work  from  1913  to  1918, 
pp.  8-13 :  29-59.  Cane  pests,  pp.  8.  29-30.  32-33, 
37-58. 

(131)  1919.  Holloway.  T.  E.  axd  Loftix.  F.  C. 

The  Sugar-Cane  Moth  Borer.  Bulletin  Xo.  746,  F.  S. 
D.  A.,  Washington,  Apr.  18,  1919,  pp.  74.  pis.  10,  figs.  12. 
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Mentions  climatic  and  fungus  control  (pp.  35-38) 
and  parasites  (p.  41)  of  Diatra?a  in  Porto  Kico. 

(132)  1919.  Smyth,  E.  Gray  wood. 

Report  of  the  DiYision  of  Entomology.  In  Ann.  Rept., 
Insular  Exp.  Sta.  of  P.  R.  for  June  30,  1918,  Rio  Pie- 
dras,  1919,  pp.  109-129. 

Insect  transmission  of  cane  mottling  disease  (pp. 
118-119),  cane  wliite-grub  problem  (pp.  119-120), 
hard-backs  injuring  cane  (pp.  120-121),  red-spider 
attacking  cane  (pp.  121-122),  epidemic  of  yellow  cane 
aphis  (pp.  122-123),  and  Eutermes  morio  (pp.  126- 
127). 

(133)  1919.  Smyth,  E.  Graywood. 

Report  of  the  Entomologist.  In  Ann.  Rept.,  Insular  Exp. 
Sta.  of  P.  R.  for  year  ending  June  30,  1919,  Rio  Pie- 
dras,  1919,  pp.  27-31. 

Work  on  the  transmission  of  the  sugar-cane  mot¬ 
tling  disease  by  insects,  pp.  28-30. 

(134)  1919.  Smyth,  E.  Graywood.* 

[Work  of  the]  Division  of  Entomology.  In  Report  of 
the  Commisioner  of  Agr.  and  Labor  of  P.  R.,  Bureau 
of  Insular  Affairs,  War  Dept.,  Washington,  1919,  pp. 
685-713. 

Mentions  Botliriocera  sp.  as  feeding  on  cane  (p.  695), 
and  discusses  successful  transmission  of  the  cane 
mottling  disease  (p.  699)  by  means  of  Stenocramis 
saccharivorus  Westw.  and  Aderdo  ioMonis  Ckll. 
(the  latter  being  a  misdetermination  for  Pulvina- 
ria  iceryi  Guer.). 

(135)  1919. - . 

Entom.ology  in  Porto  Rico.  In  The  Agricultural  News, 
Barbados,  Nov.  15,  1919,  pp.  362-363. 

Review  of  the  entomologist’s  report  (Ann.  Rept. 
P.  R.  Insular  Exp.  Sta.i  for  vear  ending  June  30, 
1918. 

(136)  1919. - . 

Skunks  and  Toads — A  Warning.  In  The  Agricultural 
News,  Barbados.  Nov.  15,  1919,  p.  361. 

Discussion  of  proposed  introduction  of  skunks  and 
toads  into  P.  R.  to  combat  white-grubs. 

*  The  following  paragraphs  of  this  report:  Plant  Quarantine  (pp.  691—692),  Division 
of  Entomology  (p.  694),  Work  on  Citrus  Insect  Pests  (p.  69.5),  and  Entomological  Work  (on 
YeUow-Stripe  Diseases)  (p.  699),  though  not  credited  to  the  Avi’iter,  are  taken  verbatim  from 
his  annual  report,  and  Avere  unfortunately  omitted  from  the  Annual  Report  of  the  Experiment 
Station  for  the  same  year. 


LIST  OF  THE  INSECT  AND  MITE  PESTS  OF  SUGAR  CANE 

IN  PORTO  RICO.i 

By  E.  Graywood  Smyth. 

I.  ACARIXA. 

1.  OUgonijclius  viridis?  (family  Tetranychidc'p) . 

Common  Name;  Sugar-cane  red-spider. 

Damage  :  Attacks  leaves,  especially  undersides,  causing  white 
marks  by  extraction  of  chlorophyll. 

Distribution;  Probably  entire  Island. 

Food  Plants  :  Sugar  cane  and  grasses. 

Enemies  :  A  Ceeidomyid  fly ;  a  Coceinellid  and  a  Staphylinid 
beetle:  and  Franldinothrips  vespiformis. 

Control  :  Dusting  or  spraying  with  sulphur  mixtures ; 
hea^w  infestation  uncommon,  hence  spraying  unnecessary. 

2.  Uropodus  sp.  (undetermined)  (family  Uropodidie). 

Common  Name:  Sugar-cane  root  mite. 

Damage  :  Eats  into,  severs,  and  sometimes  tunnels  the  roots. 

Damage  sometimes  serious. 

Distribution  :  North  coast ;  possibly  entire  Island. 

Food  Plants:  Sugar  cane;  other  hosts  not  observed. 
Enemies:  None  thus  far  recorded. 

Control:  Crop  rotation;  maintenance  of  vigorous  growth. 

3.  Tarsonemus  spinipes  Hirst  (family  Tarsonemichu) . 

Common  Name  :  Sugar-cane  rust  mite. 

Damage;  Forms  flat,  rusty-brown  blisters  on  stem  and  leaf 
sheathes. 

Distribution:  Entire  Island;  other  West  Indies. 

Food  Plants:  Sugar  cane:  no  others  known. 

Enemies  :  None  recorded. 

Control;  Dipping  seed  in  lime-sulphur  solution,  or  other 
strong  disinfectant ;  clean  cultivation  between  crops. 


1  This  list  includes  all  the  insects  that  have  been  found  repeatedly  feeding  upon  the 
cane  plant,  SaecJiarurn  oficinarum,  though  a  considerable  number  of  them  have  not  been 
found  breeding  on  cane.  Lack  of  time  has  prevented  the  making  or  securing  of  accurate 
determinations  in  many  cases.  Distribution  and  food  plants,  of  species  occurring  also  in 
other  localities,  have  been  taken  from  such  sources  as  were  available.  The  author  ackno'wl- 
edges  having  made  free  use  of  previous  lists  published  by  Messrs.  Van  Dine  and  Jones,  for¬ 
mer  entomologists  of  this  Station.  There  are  twenty-sis  species  in  the  present  list  which  have 
not  been  previously  recorded  to  the  writer’s  knowledge  as  attacking  sugar  cane  in  Porto  Rico. 

The  orders  have  been  arranged  according  to  Brues  and  Melander,  the  families  accord¬ 
ing  to  Banks  in  the  Acarina,  Scudder  in  the  Orthoptera,  Blatchley  and  Leng  in  the  Coleop- 
fera,  Dyer  in  the  Lepidoptera.  and  Van  Duzee  in  the  Homoptera. 
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II.  ORTHOPTERA. 

4.  Schistocera  pallens  Thunb.  family  Acrididse). 

Common  Name;  Larger  field  grasshopper. 

Damage:  Nymphs  and  adults  attack  foliage. 

Distribution:  South  coast;  other  West  Indies;  South 
America. 

Food  Plants:  Sugar  cane,  field  crops,  grass,  etc. 

Enemies  :  Animal — Birds ;  mangoose ;  lizards ;  tree  frogs. 

Arthronod — Tarantula;  centipede;  Bomhyiid  fly;. 

certain  A^msps;  a  Cicindellid  {Tetraclia) . 
Fungus — Possibly  Botrytis  rileyi. 

Control:  Use  of  poison  baits;  night  collection  with  lan¬ 
terns;  arsenical  sprays  on  foliage  Avhere  lAe  stock  do  not 
liaA^e  access. 

5.  Schistocerca  columbina  Brunn.  (family  Acrididae). 

Common  Name;  Common  field  grasshopper. 

Damage:  Attacks  foliage,  eating  edges  of  leaA^es. 
Distribution;  Entire  Island;  other  West  Indies;  Central 
and  South  America. 

Food  Plants;  Sugar  cane,  grass,  and  many  crops. 
Enemies:  Same  as  those  of  preceding  species. 

Control:  Same  as  for  preceding. 

6.  Plectrotettix  (Scyllina)  gregarius  Walk.  (fam.  Acridid^e). 

Common  Name:  Green-hack  grasshopper. 

Damage:  Attacks  foliage;  may  become  injurious  Avhen  very 
abundant. 

Distribution:  Entire  Island;  St.  Thomas;  Haiti. 

Food  Plants  :  All  tender  green  A-egetation. 

Enemies  :  The  same  as  those  of  Schistocerca. 

Control:  By  use  of  poison  baits,  or  arsenical  spraying. 

7.  Spliingonotiis  haiteyisis  Sauss.  (family  Acrididie). 

Common  Name:  Dusky  ground  grasshopper. 

Damage  :  Eats  foliage,  especially  of  young  cane. 
Distribution:  Porto  Rico;  Haiti;  Cuba;  Mexico. 

Food  Plants  :  Any  A^egetation  growing  close  to  ground. 
Enemies  :  Same  as  of  those  preceding. 

Control:  By  use  of  poison  baits. 

8.  Xeoco)icccpJiaIus  (ConocepJialus)  mexicamis  Sauss.  (family  Tet- 

tigoniidse). 

CoAiAiON  Name;  Grjen  cone-headed  katydid. 

Damage  :  Attacks  foliage ;  splits  leaf  in  laying  eggs. 
Distribution:  Greater  Antilles;  southern  U.  S. ;  Mexico; 
Central  and  South  America. 

Food  Plants  :  Sugar  cane ;  grasses ;  many  crops  and  trees. 
Enemies  :  Animal- — Mongoose ;  birds ;  lizards ;  tree  frogs. 

Arthropod — Centipede  •  large  spiders :  Avasps. 
Fungus — None  recorded. 

Control;  Arsenical  sprays;  trap  lights  at  night. 
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9.  Xeoconocephalus  cinereus  Thimb.  (family  Tettigoniidae) . 
Common  Name  :  Brown  cone-headed  katydid. 

Damage:  Both  nymph  and  adult  eat  foliage. 

Distribution:  Porto  Rico;  Jamaica. 

Food  Plants:  Sugar  cane  and  other  vegetation. 

Enemies:  Same  as  those  of  .Y.  mexicaniis. 

Control  :  Arsenical  sprays  and  trap  lights. 

10.  Microcentnim  friangiilatum  Brunn.  (family  Tettigoniidae) . 

Common  Xame:  Broad- winged  katydid. 

Damage:  Eats  the  foliage;  less  common  on  cane  than  two 
preceding  species. 

Distribution:  Porto  Rico;  St.  Thomas;  Guadaloupe. 

Food  Plants:  Sugar  cane;  citrus;  many  other  crops. 
Enemies:  Same  as  those  of  preceding. 

Control:  Arsenical  sprays  and  trap  lights. 

11.  Cyrtoxiplius  gundlaclii  Sauss.  (family  Gryllida?). 

Common  Name:  Little  green  tree-cricket. 

Damage:  Always  present  on  foliage;  extent  of  injury  not 
known.  Eats  the  parenchyma  of  leaf,  apparently. 
Distribution;  Porto  Rico;  Cuba;  Jamaica;  southern  F.  S. ; 

Mexico;  St.  Vincent;  Nicaragua;  Brazil. 

Food  Plants  :  Sugar  cane ;  citrus ;  banana ;  most  crops. 
Enemies  ;  Birds,  lizards,  tree-frogs,  spiders  and  predacious 
bugs.  No  parasites  yet  recorded. 

Control;  Amenable  to  contact  sprays. 

12.  Orocliaris  vaginalis  Sauss.  (family  Gryllidie). 

Common  Name  ;  Brown  tree-cricket. 

Damage:  Conceal  in  terminal  leaf  coil  and  injures  tender 
foliage. 

Distribution  ;  Porto  Rico ;  Santo  Domingo ;  Cuba. 

Food  Plants:  Sugar  cane,  citrus,  and  other  crops. 
Enemies  ;  Same  as  of  preceding  species. 

Control;  Light  traps:  arsenicals  applied  to  foliage. 

13.  Scapteriscus  vicinus  Scud,  (family  Gryllotalpida?) . 

Common  Name:  CJianga,  or  mole-cricket. 

Damage  :  Attacks  roots  and  buds ;  damage  very  severe  in 
sandy  soils. 

Distribution  :  Greater  and  Lesser  Antilles ;  south-eastern 
United  States;  Central  and  South  America. 

Food  Plants:  Sugar  cane;  laAvn  grass;  all  cultivated  crops. 
Enemies;  Animal — Birds;  lizards,  especially  the  ground  liz¬ 
ard,  Ameiva  exul :  the  mangoose. 

Arthropod — Tarantula  ;  centipede ;  the  fire-ant ; 

a  wasp  (Garrin^e)  ;  TetracJia  infuscata. 
Fungus — None  known. 

Control:  Poison  baits  (Paris  green  and  flour:  phosphorus 
and  corn  meal;  white  arsenic,  molasses  and  dry  manure)  ; 
trap  lights;  protection  of  ground  lizard;  '  sprinkling 
ground  with  strong  soap  solution:  planting  cane  with 
part  of  eyes  above  ground. 


138 


JOURNAL  OF  THE  DEPARTMENT  OF  AGRICULTURE. 


III.  THYSANOPTERA. 

14.  FranMiniella  sp.  (family  Thripidie) . 

Common  Name:  Yellow  cane  thrips. 

Daaiage:  Works  and  breeds  between  coiled  terminal  leaves, 
scarifying  leaf  surface.  Suspected  of  transmitting  tbe 
mottling  disease. 

Distribution:  Abundant  on  south  coast,  less  so  on  north 
side  of  Island. 

Food  Plants;  Sugar  cane;  possibly  some  wild  grasses. 

Enemies:  Predacious  bug,  near  Triphleps;  probably  also 
Coceinellids,  and  predacious  thrips. 

Control:  Spraying  with  contact  poisons;  covering  young 
plants,  before  attack,  with  bunting  cloth;  clean  cultiva¬ 
tion  between  crops. 

15.  Haplothrips  fihialis  Hood.  ?  (family  Thripidae). 

Common  Name  :  Black  cane  thrips. 

Damage;  Works  and  breeds  near  tips  of  leaves  of  young 
cane,  causing  some  spotting.  Damage  not  severe. 

Distribution  :  North  coast,  so  far  as  recorded. 

Food  Plants  :  Sugar  cane  and  grasses. 

Enemies:  FranHinotlirips  vespiformis. 

Control  :  Not  sufficiently  injurious  to  require  control. 

16.  Podotlu'ips  semiflavus  Hood,  (family  ThripidoeD. 

Common  Name;  Thrips. 

Damage:  Works  between  leaves;  collected  by  T.  H.  Jones. 

Distribution:  Eecorded  from  south  coast  of  Island. 

Food  Plants:  Sugar  cane  and  Para  grass. 

Enemies  ;  None  recorded. 

Control:  Not  required. 

IV.  ISOPTERA. 

17.  Eutermes  morio  Lath,  (family  Termitida?). 

Common  Name:  Termite,  white-ant,  or  ‘Yomejen. ’’ 

Damage  :  Sometimes  riddles  the  seed-cane  in  the  soil. 
Rarely  attacks  standing  cane. 

Distribution  :  Entire  Island. 

Food  Plants  :  Partly  dry  cane  stalks ;  bark  of  trees ;  dead 
wood ;  timbers. 

Eneaiies:  Lizards;  birds  (eat  the  flying  form);  bats;  no 
others  observed. 

Control  ;  London  purple  or  white  arsenic  powder  on  nest ; 
kerosene ;  coal-tar  creosote  and  kerosene ;  mercury  bi- 
chlorid  dissolved  in  water ;  white  arsenic  and  washing 
soda  boiled  together,  mixed  with  distillate;  fumigation. 

V.  HYMENOPTERA. 

18.  Solenopsis  geminata  Fabr.  (family  Formicidie). 

Common  Name:  Fire-ant,  or  ^‘hormiga  braA^a.” 
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Damage:  Injures  cane  indirectly  hy  sheltering  mealybugs 
and  aphids  from  tlieir  enemies;  also  a  menace  to  cane  cut¬ 
ters.  Causes  lesions  where  fingi  may  enter. 

Distribution:  Practically  entire  AVestern  Hemisphere,  in 
warmer  climates. 

Food  Plants:  No  direct  injury  to  cane,  hut  injures  citrus 
coAvpeas,  egg-plants,  banana  trees,  etc. 

Enemies:  None  recorded. 

Control;  Spraying  with  kerosene  emulsion  recommended; 
crop  rotation  and  clean  cultivation  best  means.  London 
purple  can  be  sprinkled  on  ant  hills. 

VI.  COLEOPTERA. 

19.  Apaie  francisca  Fab.  (family  Bostrychidae). 

Common  Name  :  Rough-headed  stem  borer. 

Damage:  Riddles  the  standing  stalks  (rarely). 

Distribution  :  Entire  Island. 

Food  Plants  :  Coffee,  citrus,  mahogany,  flamboyant,  china- 
berry,  Salix  humholdtiana,  Casuariana,  Pieramnia,  Proso- 
pis,  gandule  bean  and  sugar  cane. 

Enemies:  Birds  and  lizards;  no  insect  enemies  recorded. 

Control;  Drop  carbon  bisulphide  into  burrow  and  plug  en¬ 
trance;  extirpate  and  burn  infested  plants. 

20.  PhyllopJiaga  vandinei  Smyth  (Scarabaeid^e) . 

Common  Name:  Sugar-cane  white-grub  (May  beetle;  ‘'ca- 
eulo”). 

Damage:  Larva?  eat  roots  to  great  extent;  costs  one  sugar 
‘‘central”  over  a  thousand  dollars  per  annum  to  control. 

Distribution:  Western  third  of  Island. 

Food  Plants  :  Grubs  eat  all  roots ;  adults  nearly  all  foliage. 

Enemies  :  Animal — Blackbirds ;  other  birds ;  mongoose ;  the 
larger  lizards;  chickens;  hogs;  rats  and  mice. 

Arthropod — Centipede ;  tarantula  ;  larger  spi¬ 
ders;  changa  (of  eggs  and  larva)  ;  Scoliid 
wasps(?);  larva  of  Pyrophorus;  2  Tachinid 
flies. 

Fungus — Meta}'rh iziu m  a niso pike. 

Bacterial — Micrococcus  nigrofaciens. 

Control  :  Night  collection  of  adults  from  foliage,  or  by 
shaking  from  trees  and  bushes  onto  sheets,  and  collec¬ 
tion  of  grubs  at  plowing;  protection  of  blackbirds  by 
banding  palm  trees  against  rats;  introduction  of  toads 
and  skunks. 

21.  Phyllopliaga  portoricensis  Smyth  (family  Scarab^eidip) . 

Common  Name:  Common  white-grub. 

Damage;  Grubs  attack  the  roots;  adults  do  injury  to  foli¬ 
age  when  abundant. 

Distribution:  Eastern  two-thirds  of  Island;  ALeques. 
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Food  Plants:  Roots  of  all  crops;  foliage  of  many  plants, 
especially  flanibo3mnt,  palms,  and  banana  trees. 

Enemies:  The  same  as  those  of  P.  vandinei. 

Control:  Same  as  for  preceding  species. 

22.  Phyllophaga  guanicana  Smyth  (family  Scarab^eidae) . 

Common  Name:  Cnanica  white-grnb. 

Damage:  Drubs  attack  roots,  adults  foliage.  Not  so  injuri¬ 
ous  as  P.  vandinei. 

Distribution:  Guanica  district  of  the  Island. 

Pood  Plants:  Grubs  attack  all  roots,  indifferenth^ ;  adults 
prefer  foliage  of  certain  trees. 

Enemies:  The  same  as  those  of  P.  vandinei. 

Control:  Same  as  for  preceding  species. 

23.  Phyllophaga  citri  Smyth  (familj^  Scarabaeidcu) . 

Common  Name:  Citrus  white-grub. 

Damage  :  Grubs  attack  roots  of  all  crops ;  adults  eat  foliage. 

Distribution:  Entire  Island  except  southwest  corner;  also 
Vieques. 

Pood  Plants  :  Grubs  eat  roots  of  all  crops ;  adults  prefer 
foliage  of  citrus,  guava,  Acal3^pha,  3mung  palms,  and  Mal¬ 
vaceae. 

Enemies  :  The  same  as  those  of  P.  vandinei. 

24.  Phytalus  insiilaris  Smyth  (famih^  Scarabaeidie) . 

Common  Name  :  Little  brovui  May-beetle. 

Damage:  Attacks  cane  roots,  but  seldom  to  injurious  extent. 

Distribution  :  Entire  Island. 

Pood  Plants:  Grubs  probabh^  eat  all  roots;  adults  prefer 
foliage  of  grass,  corn,  Lantana,  amaranth,  and  certain 
shrubs. 

Enemies  :  Animal — Same  as  those  of  P.  vandinei. 

Arthropod — Same  as  preceding,  with  exception  of 
Tachinid  flies. 

Fungus  and  bacterial — Same  as  of  Phyllophaga. 

25.  Dyscinetus  (Chalepus)  trachypygus  Bunn.  (famiA  Scarab^eid^) . 

Common  Name:  Dull  black  hard-back  (in  U.  S. ;  the  rice 
grub) . 

Damage  :  Adults  injure  seed-cane  and  buds ;  larva?  bore  into 
underground  stalks. 

Distribution  :  Greater  Antilles ;  southeastern  United  States. 

Food  Plants  :  Sugar  cane,  grasses,  and  root  crops. 

Enemies  :  Same  as  those  of  May-beetle,  except  Tachinid  flies. 

Control:  Trap  lights;  poison  baits;  clean  cultivation. 

26  Dyscinetus  harhatus  Fabr.  (family  Scarab^eid®) . 

Common  Name:  Shining  black  hard-back. 

Damage  :  Adults  and  larvae  injure  the  underground  stems, 
when  abundant. 

Distribution:  Porto  Rico;  possibly  other  Greater  Antilles; 
Barbuda ;  St.  Kitts. 
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Food  Plants  :  Sugar  caue,  grasses  and  root  crops. 

Enemies  :  Animal — Same  as  those  of  Phyllophaga. 

Arthropod — Centipede ;  tarantula ;  larger  spi¬ 
ders;  changa  (of  eggs  and  larviu)  ;  larva  of 
Pyrophoriis  luminosus;  possibly  Scoliid  wasps. 

Fungus — Metarrhizium  anisoplice. 

Control  :  Trap  lights ;  poison  baits ;  clean  cultivation  and 
deep  plowing;  cultivation  of  grass  land. 

27.  lAgyrus  tumulosiis  Burm.  (family  Scarabmida?). 

Common  Xaaie  :  Brown  hard-back. 

Damage  ;  Adults  injure  stem  and  buds  at  surface  of  ground ; 
larvie  bore  underground  stems. 

Distribution:  Greater  Antilles;  St.  Vincent;  Xevis;  Gua- 
daloupe;  St.  Bartholomew;  Barbados;  Trinidad. 

Food  Plants  :  Sugar  cane ;  grasses ;  root  crops ;  breeds  in 
decaying  organic  matter. 

Enemies  ;  Animal — Birds ;  bats ;  mongoose  ;  larger  lizards : 
poultry;  hogs;  rats  and  mice. 

Arthropod — Centipede  and  tarantula ;  larger  spi¬ 
ders;  changa;  Pyropliorus  luminosus;  Campso- 
meris  dor  sat  a. 

FungTis — 'Meta r rh izi u m  anisoplice . 

Control  :  Poisoned  green  manure  plowed  under ;  poisoned 
mash  baits;  trap  lights;  avoidance  of  organic  fertilizers; 
destruction  of  grubs  in  manure  heaps;  frequent  and  deep 
cultivation. 

28.  Strategus  quadrifoveatus  Beauv.  (family  Scarabteidte) . 

Common  Xame:  Coconut  rhinoceros  beetle. 

Damage  :  Adults  occasionally  tunnel  stems  of  standing  cane, 
to  such  extent  that  the  cane  falls  over. 

Distribution:  Porto  Rico;  Santo  Domingo;  Haiti. 

Food  Plants  :  Adults  feed  on  sugar  cane  and  young  palms ; 
larv©  mature  in  rotting  wood. 

Enemies:  Animal — Herons;  owls;  mongoose;  hogs  and 
poultry ;  rats. 

Arthropod — Xone  thus  far  recorded. 

Fungus — Green  ^Muscardine  fungus. 

Control:  Collection  in  evening  by  boys  with  nets;  light 
traps;  trash  (dead  wood)  traps  for  grubs;  use  of  Green 
Muscardine  in  trash  traps:  poison  bait. 

29.  Strategus  titanus  Fabr.  (family  Scarab^id^e) . 

CoMMOON  Name:  Sugar-cane  rhinoceros  beetle. 

Damag5  :  Larvae  bore  in  ‘^cepas”  (underground  stems)  and 
decrease  sap  flow. 

Distribution:  Porto  Rico;  Jamaica;  Cuba;  Vieques;  Vir¬ 
gin  Islands. 

Food  Plants  :  Larvae  eat  cane  stalks,  also  rotting  wood. 

Enemies:  The  same  as  those  of  S.  quadrifoveatus. 

Control:  Same  as  for  preceding  species. 
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30.  Diabrotica  graminea  Balz.  (family  Chrysomelidie) . 

Common  Name  :  Green  flower-beetle. 

Damage:  Adults  feed  to  some  extent  upon  the  foliage,  and’ 
larvae  upon  the  roots. 

Distribution  :  Entire  Island. 

Food  Plants  :  Flowers  and  foliage  of  many  plants,  includ¬ 
ing  most  vegetables  as  well  as  sugar  cane. 

Enemies  :  Animal — Birds ;  lizards ;  tree-frogs. 

Arthropod — Spiders;  ants;  predacious  bugs; 

changa  (eats  the  larvae). 

Fungus — None  recorded. 

Control  :  Spraying  trap  crops  with  arsenicals ;  sweeping 
foliage  with  nets  or  with  tarred  frames;  shaking  beetles 
from  trap  crops  like  okra  or  Cleome. 

31.  Diaprepes  spengleri  Linn,  (family  Curculionidie) . 

Common  Name:  Sugar-cane  root-weevil. 

Damage  :  Larvie  bore  large  roots  and  bases  of  stalks ;  adults 
eat  foliage  to  some  extent. 

Distribution  :  Porto  Bico ;  Vieques. 

Food  Plants:  Sugar  cane,  citrus,  Leguminosse,  Malvaceae, 
and  many  other  cultivated  crops. 

Enemies:  Animal — Mongoose;  birds;  lizards;  frogs. 

Arthropod — Centipede;  spiders;  changa  (eats  lar¬ 
vae)  ;  fire-ant.  No  parasites  recorded. 

Fungus — Metarrhizium. 

Control:  Shaking  from  foliage  (citrus)  onto  sheets,  then 
destroying;  turning  hogs  into  cane  fields  at  plowing,  to 
consume  stubble;  poisinging  of  trap  crops  with  arsenicals; 
frequent  shallow  plowing  when  possible;  heavy  fertiliza¬ 
tion  of  plants. 

32.  Metamasius  hemipterus  Linn,  (family  Curculionidae). 

Common  Name:  Sugar-cane  stalk-weevil. 

Damage  :  Larvae  bore  and  breed  in  cane  stalks. 

Distribution  :  Porto  Rico ;  Virgin  Islands ;  Windward  Is¬ 
lands  ;  Demerara. 

Food  Plants:  Sugar  cane;  dead  or  injured  palm  trunks; 
banana  trunks  (rarely).  Adults  sometimes  attack  fruit. 

Enemies:  Animal — Same  as  preceding. 

Arthropod — Centipede  and  spiders.  No  insect 
enemies  recorded,  except  the  fire-ant. 

Fungus — Green  Muscardine. 

Control:  Destruction  of  infested  canes;  cutting  cane  close 
to  ground  (as  beetle  breeds  abundantly  in  stubble)  ;  de¬ 
struction  of  adults  by  means  of  trap  piles  of  decayed  fruit 
or  peels. 

33.  Xyleborus  sp.  (possibly  X.  perforans  Woll.)  (family  Ipidae). 

Common  Name:  Sugar-cane  shot-hole  borer. 

Damage  :  Perforates  standing  stalks ;  also  attacks  seed  cane 
in  the  ground. 
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Distribution:  Entire  Island. 

Food  Plants  :  Sugar  cane ;  no  others  recorded  with  cer¬ 
tainty. 

Enemies:  Animal— Birds ;  bats;  lizards. 

Arthropod — Spiders;  predacious  bugs;  ants. 
Fungus — None  recorded. 

Control:  Destruction  of  infested  canes;  trap  lights;  deep 
planting  and  prompt  planting  of  seed. 

Vn.  LEPIDOPTERA. 

34.  Prenes  nero  Fabr.  (family  Hesperidae). 

Common  Name:  Sharp-headed  cane  leaf-roller. 

D_amage:  Attacks  foliage  of  young  cane  in  larval  stage. 
Distribution:  Entire  Island. 

Food  Plants:  Sugar  cane  and  grasses. 

Enemies  :  Animal — Birds ;  lizards ;  frogs. 

Arthropod — Ants;  predacious  bugs;  a  Braconid 
wasp. 

Plant — A  bacterial  disease. 

Control:  Spraying  foliage  vuth  arsenicals. 

35.  Prenes  ares  Feld,  (family  Hesperidge). 

Common  Name  :  Kound-headed  cane  leaf-roller. 

Damage  :  Larva  attacks  foliage ;  less  common  than  pre¬ 
ceding. 

Distribution  :  Entire  Island. 

Food  Plants:  Sugar  cane  and  grasses. 

Enemies  :  Sanje  as  those  of  preceding. 

Control  :  Not  required. 

36.  Atrytone  vitellius  Fabr.  (family  Hesperid^e) . 

Common  Name  :  Smaller  sugar-cane  leaf-roller. 

Damage:  Eats  the  margins  of  leaves,  and  conceals  by  tying 
edges  of  leaf  together. 

Distribt'TIOn  :  Entire  Island. 

Food  Plants:  Sugar  cane,  Sudan  grass  and  wild  grasses. 
Enemies:  These  have  not  been  studied. 

Control:  Same  as  for  species  of  Prenes. 

37.  Laphygma  frugiperda  S.  &  A.  (family  Noetui d«). 

Common  TsTaaie:  Southern  grass-worm. 

Dajmage:  Larvie  attack  young  cane  in  terminal  bud. 
Distribution:  AVest  Indies;  United  States;  Mexico;  Cen¬ 
tral  and  South  America. 

Food  Plants  :  Sugar  cane ;  corn ;  grass ;  vegetables ;  to¬ 
mato  fruit ;  truck  crops. 

Enemies  :  Animal — Birds ;  lizards ;  frogs ;  bats. 

Arthropod — Ants,  predacious  bugs;  wasps; 
Op/u'oRsp.;  Clielomis  a  Braconid;  several 
Tachinids;  Calosoma  alternans. 

Plant — Three  fungi,  Botrytis  rUeyi,  Empnsa 
sphcerosperma,  and  Cordyceps  sp. 
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Control  :  Spraying  or  dusting  with  arsenicals ;  frequent  cul¬ 
tivation  to  destroy  pupse. 

38.  Cirphis  {HeliopMla  latiuscula)  H.  S.  (family  Noctuidag). 

Common  Name:  Sugar-cane  cutworm. 

'  Damage:  Larvae  eat  the  foliage. 

Distribution:  Entire  Island;  Santo  Domingo. 

Food  Plants:  Sugar  cane,  sorghums  and  grasses. 

Enemies:  Animal — Birds;  hats;  lizards;  frogs. 

Arthropod — Ants ;  predacious  bugs ;  wasps ;  a 
Braconid  and  a  Chalcidid;  several  Tachinids. 
Plant — Green  fungus,  Botrytis  rileyi  and  Cor- 
dyceps  sp. 

Control:  Not  required. 

39.  Mods  {Bemigia)  repanda  Fabr.  (family  Noctuidse). 

Common  Name  :  Grass  looper. 

Damage:  Larvse  attack  foliage  of  young  cane. 
Distribution:  West  Indies;  eastern  U.  S. ;  South  America. 
Food  Plants  :  Sugar  cane  and  grasses. 

Enemies  :  Animal — Same  as  of  preceding. 

Arthropod — Spiders,  ants,  predacious  hugs  and 
wasps;  an  Ichneumonid;  a  Braconid;  a  Tachi- 
nid. 

Fungus — Botrytis  rileyi  and  Cordyceps  sp. 
Control:  Not  required,  as  attack  to  cane  is  uncommon. 

40.  Diatrcea  saccharalis  Fabr.  (family  Pyralidee). 

Common  Name:  Sugar-cane  moth  stalk-borer. 

Damage:  Larvag  bore  the  stalk,  weaken  plant  and  reduce 
sucrose. 

Distribution:  West  Indies;  southern  IT.  S. ;  Mexico;  Cen¬ 
tral  and  South  America. 

Food  Plants  :  Sugar  cane ;  corn ;  sorghum ;  Paspalum ; 
rice. 

Enemies:  Animal — Same  as  those  of  the  grass-worm. 

Arthropod — Spiders;  predacious  bugs;  a  Tachi- 
nid  fly;  egg  parasite,  Trickogramma  minutum 
Riley. 

Fungus — Isaria  {Cordyceps)  harberi. 

Control:  Prompt  and  regular  uprooting  and  burning  of 
deadhearts;  discontinuance  of  trash  burning  ;  destruction 
■  of  wild  Paspalum  grass;  selection  of  seed;  deep  planting 

of  seed;  trap  lights. 

41.  Pyralid  (undetermined)  (family  Pyralidse). 

Common  Name  :  Sudan  grass  leaf-tyer. 

Damage  :  Larvae  have  been  found  attacking  cane  leaves ; 

■'  damage  to  cane  rare. 

Distribution  :  Probably  entire  Island. 

Food  Plants:  Sugar  cane;  Sudan  grass;  other  grasses. 
Enemies:  No  parasites  yet  observed. 

Control  :  None  required. 


JOrRNAL  OF  THE  DEPARTMEXF  OF  AGEICULTUEE. 


145 


42.  Ereunitis  sp.  (?)  (family  Tineiclce). 

Common  Xame:  Sugar-cane  bud-motli. 

Damage:  Larvae  bore  through  buds  into  stalk;  occasionally 
severe. 

Distribution  :  Entire  Island. 

Food  Plants:  Sugar  cane;  no  others  recorded. 

Enemies:  Xo  parasites  thus  far  observed. 

Control:  X^one  yet  worked  out;  seldom  required.  Time  of 
planting  affects  the  amount  of  infestation. 

vm.  diptera. 

43.  Clmtopsis  sp.  (near  C.  (enea  Wied.)  (family  Ortalidse). 

Common  Xame:  Ear-corn  maggot. 

Damage:  Infests  tunnels  of  Diatriea  in  the  stalk,  also  leaf 
sheaths  infested  with  mealybug,  inducing  progressive  de¬ 
cay. 

Distribution:  Entire  Island. 

Food  Plants:  Sugar  cane  tissue;  worm-infested  corn  ears; 
decaying  coconut  fiber;  etc. 

Enemies:  A  Cynipid  parasite  observed;  spiders;  ants. 

Control:  X^one  usually  required. 

44.  Agromyza  sp.  (undetermined)  (family  Agromyzidie) . 

Common  Xame:  Cane  and  grass  leaf-miner. 

Damage  :  Rarely  mines  the  leaves  of  young  cane ;  commonly 
mines  gi’ass  leaves. 

Distribution  :  Probably  entire  Island. 

Food  Plants:  Sugar  cane,  sorghum  and  grasses. 

Enemies:  Small  Chalcidid  wasp  attacks  larva  and  a  Cy¬ 
nipid  the  pupa. 

Control  :  Xone  recpiired. 


IX.  homoptera. 

45.  Cicadella  (Tettigonia)  sirena  Stal.  (family  Cicadellidie) . 

Common'  Xame  :  Red-striped  leafhopper. 

Damage  :  Adult  and  nymph  occasionally  attack  cane ;  reared 
from  cane. 

Distribution:  Entire  Island. 

Food  Plants:  Sugar  cane;  citrus;  coffee;  sesame;  garden 
.  plants. 

Enemies:  Animal-— -Birds ;  lizards;  tree  frogs. 

Insect — Conocephalvs  {XipMdion)  sp. ;  preda¬ 
cious  bugs.  Xo  parasites  yet  recorded. 
Fungus — Xone  yet  recorded. 

Control  *.  Xot  necessary. 

46.  Kolia  {Tetfigonm)  dmilis  TTalk.  (subfamily  Cicadellime). 

Common  Xame  :  Green  sugar-cane  leafhopper. 

Damage:  Sometimes  abundant  on  young  cane,  but  not  di¬ 
rectly  injurious.  Might  transmit  disease. 

Distribution:  Greater  Antilles;  southeastern  U.  S. 
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Food  Plants  :  Sugar  cane ;  Para  grass ;  some  other  grasses. 
Enemies:  Animal — Birds,  lizards  and  tree  frogs. 

Insect — Xipliidion  {?) ;  Zelus  ruhidus;  a  Hy- 
menopterons  egg  parasite;  Attid  spiders. 
Fungus — None  recorded  with  certainty. 

Control:  Sweeping  grass  and  young  cane  with  tarred 
frames;  cutting  grass  near  cane  fields;  crop  rotation;  in¬ 
troduction  of  parasites. 

47.  Kolia  (f)  sp.  (not  determined)  subfamily  Cicadellinse) . 

Common  Name:  Gray  sugar-cane  leafhopper. 

Damage  :  Quite  common  on  young  cane ;  no  direct  injury. 
Distribution:  South  coast  and  north-west  coast. 

Food  Plants:  Sugar  cane  and  grasses. 

Enemies:  The  same  as  those  of  preceding  species. 

Control  :  None  required. 

48.  Jassid  (not  yet  determined)  (subfamily  Jassin^e). 

Common  Name-.  Cane  false-mottling  leafhopper. 

Damage  :  Attacks  leaves  of  young  cane  near  tips,  causing 
white  streaks  that  resemble  mottling  disease. 
Distribution:  North  coast;  possibly  entire  Island. 

Food  Plants:  Sugar  cane  and  grasses. 

Enemies:  No  parasites  yet  observed. 

Control  :  Scarcely  required. 

49.  Balchitha  (Gnaflwdus)  sp.  (subfamily  Jassina?). 

Common  Name  :  Cane  seed-head  leafhopper. 

Damage:  Very  abundant,  in  all  stages,  in  seed  tassels. 

Doubtless  injures  fertility  of  seed. 

Distribution  :  Entire  Island. 

Food  Pi.ants  :  Sugar  cane  and  false  Para  grass,  Eriochloa 
subglabra;  occasionally  other  grasses. 

Enemies:  Animal — Same  as  those  of  Kolia. 

Insect — -A  Dryinid,  Clialcogonatopus  sp.,  infests 
sometimes  over  50  per  cent  of  adults  and 
nymphs ;  a  jMymarid  parasitizes  large  per  cent 
of  eggs;  a  Syrphid  fly. 

Plant — A  fungus,  undetermined,  parasitizes  all 
adults  after  attack  by  Dryinid. 

Control:  Keep  cut,  in  vicinity  of  cane  fields,  the  ‘‘malo- 
jillo”  TEriochloa)  upon  whose  seeds  it  feeds  through  the 
year. 

50.  Bothriocera  sp.  (probably  new)  (family  Fulgoridie). 

Common  Name  :  Gray  fulgorid-fly. 

Damage  :  Taken  rarely  feeding  on  cane ;  does  no  damage. 
Distribution  :  Entire  Island ;  Vieques. 

Food  Pi.ants:  Citrus  spp. ;  Palicourea  spp. ;  Anora  spp. ; 

Piper  aduncum;  sugar  cane  (rarely)  ;  etc. 

Enemies:  No  insect  parasites  recorded.  A  fungus,  Isaida 
saussurei  Cooke  (det.  J.  A.  Stevenson  1,  attacks  insect 
heavily  on  Palicourea  and  Piper. 

Control  :  None  required. 
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51.  Oliaris  sp.  (subfamily  Cixiina^). 

ro^kiMOX  Xame  :  Cottontail  plant-hopper. 

Damage  :  Quite  common  on  young-  cane,  but  no  injury  thus 
far  observed. 

Distribution  :  Entire  Island. 

Food  Plants  :  F eeds  upon  a  great  variety  of  plants  and 
trees.  Younger  stages  not  known. 

Enemies  :  Xo  insect  or  fungus  parasites  observed. 

Control:  Xot  necessary. 

52.  Onnenis  sp.  (subfamily  Flatime). 

Common  X'aaie  :  ^loth-hopper. 

Damage:  Recorded  by  Van  Dine  ^  as  “found  breeding  on 
cane  leaves  in  one  instance.”  Xot  observed  on  cane  by 
the  writer.  Injury  to  cane  inconsequent. 

Distribution:  Xot  recorded. 

Food  Plants  :  Cannot  be  given,  as  species  was  not  recorded. 
Enemies  :  Insect — A  Hymenopterous  parasite  infests  a  large 
proportion  of  eggs  of  the  two  commoner  species ; 
a  Syrphid  larva  feeds  on  eggs;  a  Dryinid  rarely 
attacks  nymphs. 

Fungus — V  eiarrlnzhim  anisopUm,  form  minor 
(det.  J  A.  Stevenson),  has  been  found  by 
writer  infesting  many  adults  of  a  common 
species  on  coffee. 

Control:  Xot  required  on  sugar  cane. 

53.  Derbid  (not  yet  determined')  (subfamily  Derbin^). 

Common  Xame:  Veil -wing  moth-hopper. 

Damage  :  Sometimes  very  abundant  at  bases  of  mature  cane. 

Injury  not  observed.  Younger  stages  unknown. 
Distribution  :  Xorth  coast. 

Food  Plants:  Sugar  cane;  a  wild  fern. 

Enemies:  Xo  insect  or  fungus  enemies  yet  observed. 
Control:  Xone  required. 

54.  Stenocramis  (Delphax)  saccharivorus  YTestw.  (subfam.  Delphaci- 

me). 

Common  X’aaie:  lYest  Indian  cane-fly. 

Damage  :  AH  stages  on  foliage ;  feeding  punctures  give  en¬ 
trance  to  disease:  honeydew  causes  black  mold  on  foliage. 
Becomes  extremely  abundant  on  plants  in  conflnement,  but 
is  scarce  under  fleld  conditions. 

Distribution:  Porto  Rico:  Santo  Domingo;  Jamaica; 
southern  U.  S. ;  Barbados. 

Food  Plants;  Sugar  cane;  can  breed  on  grasses,  but  rarely 
does. 

Enemies:  Animal — Birds;  tree  frogs;  lizards,  especially 
AnoHs  pyJcliellus. 

Arthropod — Spiders;  Zelus  ruhidus;  FranJclino- 
_  flirips  vespiformis :  a  Mymarid  egg  parasite;  a 

^  In  Jour.  Econ.  Ent.,  Vol.  6,  Xo.  2,  Apr.  1913,  page  257. 
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Dryinid  wasp ;  a  Stylopid,  Stenocranophilits 
quadratus  Pierce,  which  is  more  beneficial  than 
all  other  parasites  combined. 

Plant — green  fnngns,  not  determined,  rarely 
attacks  adults. 

Control  :  Not  required,  due  to  lizards,  parasites,  and  beat¬ 
ing  rains. 

55.  Perkinsiella  sp.  (undetermined)  (subfamily  Delphacinge ) . 

Common  Name  •  White-lined  plant-hopper. 

Damage:  Sometimes  common  on  young  cane,  but  does  no- 
noticeable  damage;  breeds  on  rice. 

Distribution:  Entire  Island. 

Food  Plants:  Sugar  cane,  rice  and  grasses. 

Enemies  :  No  parasites  yet  recorded ;  a  predacious  Mirid 
bug. 

Control  :  None  required. 

56.  Aphis  setarice  Thos.  (family  Aphididae). 

Common  Name:  The  brown  cane  aphis. 

Damage  :  Infests  stalk  at  the  base  of  leaf  sheaths ;  occurs  un¬ 
commonly,  on  isolated  canes. 

Distribution  :  Porto  Rico ;  southern  U.  S. :  probably  other 
Greater  Antilles. 

Food  Plants  :  Sugar  cane  and  grasses. 

Enemies  :  Arthropod — Small  spiders ;  Syrphid  flies ;  several 
Coccinellid  beetles;  an  internal  parasite. 

Fungus — Not  recorded. 

Control  :  Too  rare  to  require  control.  Thrives  onl}'  when 
protected  by  the  fire-ant,  Solenopsis  geminata,  which  builds 
earth  shelters  over  colonies. 

57.  Sipha  flava  Forbes  (family  Aphididae). 

Common  Name:  Yellow  sugar-cane  aphis. 

Damage  :  Infests  undersides  of  leaves,  especially  near  tips  of 
lower  leaves ;  often  becomes  epidemic  over  considerable 
areas. 

Distribution  :  Porto  Rico ;  southern  TJ.  S. ;  probably  other 
Greater  Antilles. 

Food  Plants:  Sugar  cane  and  grasses. 

Enemies:  Animal — -A  lizard,  AnoUs  pidchellus. 

Arthropod — Small  spiders ;  Coccinellids ;  Syr¬ 
phid  flies. 

Fungus — Agrostalagmus  albus  reported  by  J.  R. 
Johnston;  never  observed  by  writer. 

Control:  No  artificial  control  practicable,  except Jn  seedling^ 
plots,  as  parasites  effect  control  promptly. 

58.  Aleyrodes  sp.  (apparently  new)  (family  Aleyrodidae) . 

Common  Name:  Sugar-cane  white-fly. 

Damage:  Insignificant;  attacks  foliage,  but  appears  to  be 
rare.  .  . 
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Distribution  :  Recorded  only  from  Rio  Piedras  by  the 
writer. 

Food  Pl.vnts;  None  other  than  cane  recorded. 

Enemies  :  Parasitized  by  minute  Hynienopteron. 

Control:  None  called  for. 

59.  Pseudococcns  calceolarice  Mask,  (family  Coccidse). 

Common  Name  :  Pink  sugar-cane  mealybug. 

Damage  :  Attacks  roots,  and  the  stalks  at  the  nodes,  stunting 
growth  and  inducing  rot  beneath  leaf  sheaths. 

Distribution:  West  Indies;  Demerara;  southern  U.  S. ; 
California;  Hawaii;  Fiji;  New  Zealand. 

Food  Plants:  Sugar  cane;  probably  grasses;  several  other 
plants  in  other  localities. 

Enemies:  Animal — Blackbirds;  honey-creepers;  rats  and 
mice ;  lizards. 

Arthropod — Earwigs ;  a  predacious  bug,  near  Tri- 
phi  eps;  a  Eulophid  parasite;  a  Cecidomyid, 
Karschomyia  cocci  Felt;  FranMinothrips  vespi- 
formis;  a  Coccinellid,  Cryptolcemus  montroii- 
zieri  (rarely). 

Fungus — Aspergillus  flaws  and  Isaria  sp. 

Control:  Treatment  of  cane  seed;  seed  selection;  use  of 
self-stripping  varieties;  clean  cultivation  prior  to  plant¬ 
ing;  elimination  of  the  fire-ant. 

60.  Pseudococcus  sacchari  Ckll.  (family  Coccid^e). 

Common  Name:  Gray  sugar-cane  mealybug. 

Damage  -.  Practically  the  same  as  that  of  P.  calceolaria,,  but 
less  common. 

Distribution:  Porto  Rico;  Barbados;  Trinidad;  Mexico; 
California;.  Hawaii;  Mauritius. 

Food  Plants:  Sugar  cane  and  grasses. 

Enemies  :  The  same  as  of  preceding  species. 

Control:  Same  as  for  pink  mealybug. 

Ql.  Pseudococcus  (apparently  undescribed)  (family  Coccid^e). 

Common  Name:  Sugar-cane  leaf  mealybug. 

Damage:  Attacks  the  leaves  and  leaf  sheaths,  especially  of 
young  cane.  Has  caused  death  of  cane  in  confinement. 
Rarely  observed  in  fields. 

Distribution:  Not  yet  determined.  Collected  at  Rio  Pie¬ 
dras  by  the  writer. 

Food  Plants:  Sugar  cane  and  grasses. 

Enemies:  A  Eulophid  parasite  and  the  Cecidomyid  keep  it 
in  control. 

Control  :  None  required. 

62.  Pulvinaria  iceryi  Guer.  (det.  by  H.  Morrison)  (fam.  Coccidas). 

Common  Name:  Sugar-cane  leaf  scale. 

Damage:  Attacks  the  leaves  only;  multiplies  rapidly.  Has 
killed  young  plants  in  confinement.  Rare  in  the  fields. 

Distribution:  Entire  Island;  Mauritius;  Reunion  Island. 
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Food  Plants:  Sugar  cane;  grasses  (rarely). 

Enemies:  Two  species  of  Hymenopterons  parasites;  a  Ceci- 
doniyid  larva. 

Control:  Held  in  check  by  parasites. 

63.  Aclerda  toMonis  Ckll.  (det.  by  E.  K.  Sasscer)  (fani.  Coccidae). 

Common  Najme;  Larger  sugar-cane  stalk  scale. 

Damage  :  Attacks  the  stalk  on  or  near  leaf  sheaths.  Rare. 

Distribution:  Porto  Rico;  California;  Japan.  Recorded 
from  Rio  Piedras  and  Gnayama  by  Wolcott ;  not  observed 
by  writer. 

Food  Plants:  Sugar  cane  (Porto  Rico);  bamboo  (Califor¬ 
nia  and  Japan). 

Enemies:  None  recorded. 

Control:  Not  required. 

64.  Targionia  (Aspidiohis)  succhari  Ckll.  (det.  E.  R.  Sasseer)  (fam. 

Coccidae). 

Common  Name  :  Smaller  sugar-cane  stalk  scale. 

Damage:  Occurs  frequently  on  stalk  at  nodes,  but  seldom 
abundantly. 

Distribution:  Porto  Rico;  Jamaica;  Barbados;  Antigua; 
Java. 

Food  Plants:  Sugar  cane  and  grasses. 

Enemies:  A  Hymenopterons  parasite  observed. 

Control:  None  required. 

X.  arthroplbona. 

65.  Degeeria  sp.  (?)  (family  Entomobryidie) . 

Common  Name:  Green  springtail. 

Damage  :  Always  present  on  undersides  of  foilage.  Exact 
nature  of  damage  not  yet  determined.  Of  doubtful  eco¬ 
nomic  importance. 

Distribution  :  Entire  Island. 

Food  Plants  :  Sugar  cane ;  banana ;  cotton ;  foliage  of 
many  plants  and  trees. 

Enemies  :  No  predacious  insect  enemies  or  parasites  thus  far 
observed. 

Control:  Not  considered  to  be  necessary. 
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